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Fifty-five persons from 20 States and Washington, D.Co, 
representing varied groups interestec in cottonseed meal 
utilization, met with members of the Southern Regional 
Research Laboratory in New Orleans, Lae, November 165-14,1950, 
to mark a milestone of progress and chart a course leading 
to further improvement. 


In particular, they met to evaluate recent cooperative 
investigations which have shown that screw-pressing conditions 
can be adjusted to produce cottonseed meal of improved quality 
and digestibility. 


This report records the data presented in papers 
describing the modified technique and the results obtained 
on feeding the improved meal. 


Further details may be obtained by writing to the 
Southern Regional Research Laboratory, 2100 Robert E. Lee 
Boulevards or to any of the persons listed on the programe 


No information in this report should be re- 
produced,or used_in any ways without permission 
from the author or organization concerned. 
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way ee 
Pe NTIS WRB MARES 
by 


C. H. Fisher, Director 
Southern Regional Research Laboratory 


and. 
fie Le ‘iards Director, tducutional Service 
National Cottonseed Products Association 


For both the Laboratory and myself, I take great plousure in 
welcoming you to this confcronce on cottonseed meal. ‘We arc ulwuys 
glad to have visitors, but we find it purticulerly plousing to serve 
as host to you -- a group of specialists mecting to exchange informa- 
tion and research findings in the important ficlds of cottonseed 
meul processing und nutrition. 


I think thet this is truly an auspicious occasion. Wo can all 
look forward to the tolks and discussions with tho cxpectstion that 
wo are on tho threshold of « new era in cottonscoed technolcgy and 
utilization. Now information will be excianged here that might 
revolutionize the cottonsced industry ond increuse both tho nutritive 
und monetary value cf its products. 


The question of the cconomic und prictical value of research is 
ruised frequontly those dayse I won't attempt now to assess the 
value of recent rescarch on cottonseed in dcllirss, but I should like 
to mention a few of the pertincnt cconomic foctorse 

Not only is cottonseed the byproduct of cotton -= America's great 
cash crop -- but it is alse one of the principal ocilseod crops. In 
1949, Amorican farmers roccived a total of morc thon 2 billicn dollars 
for cotton lint and 257 millicn dollurs fcr cottonsceod. These are big 
figures. Tho stakes aro high when wo co research to increase the 
value of ecttcnscode For cxemplc, un increase in valuc cf cnly one 
percent for ccttcnsced would be worth mere than 2e5 million dollars 
por ycare 


Mo@ern achicvoments in research usually havo tw charactoristic 
foaturose Firsts the achicvoment is made possible by basic knowledge 
created by fundamental resoarch.e Scconds tho achicvement is the 
result of cooperation end teumwork. 


Recent acvaneos in ecttonsced meal technology, tc be ciscussod at 
this conferenec, arc no oxecptione In a very definito manner, these ud- 
veneos aro based on both fundamental research and toarmworke 


Much cf tho basic inform.ticn cn eottcnseod wus produced in 
fundamental studies by Dre Charl tte Boatnor and her eclleagucs 
working in this. Laburatcry uncer the circetion of Dre Klare Se Markloy. 
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These investigators, using the microscope and other tools of fundamental 
research, developed and published much important basic information on 
sottonseeds, pigment glands, gossypol ond related materials. No doubt 
Dr. Boatner and her coworkers drew heavily upon fundamental data 
supplied by even earlicr investigatorse The basic information made 
available here and elsewhere served as the foundation for the 
develooment of practical advances in the technology and utilization 

of cottonseed meadle 


Probably you know very well that teamwork has been a conspicuous 
feature of the research program on cottonseed meal. The experimental 
meals were made by the South Texas Cotton Oil Company and others in 
industry, analyzed by the Southern Regional Research Laboratory, and 
tested for feeding value by State Experiment Stations and Federal 
laboratories in Beltsville, Md. The National Cottonseed Products 
Association has cooperated splendidly and in a most tangible manner. 
Mre Ae Le Ward, Director of the Educational Service of NCPA, has 
helped plan and coordinate much of the programe I should like to 
say that we in the Southern Laboratory appreciate cooperation from 
other orgonizetions.e Cooperation with agriculture and industry is 
essential if we in the Southern Laboratory are to reach our objective. 


In the past, we in the Southern Laboratory have talked most about 
our applicd research and practical achievements. In doing this, I 
suspect that we have created on erroneous impression about the balances 
or rotio,s between our fundamental and applied researches In reality, 
we do much fundemental research in the Southern Laboratory. I believe 
that we in this Laboratory should talk more about this type of research -- 
the research upon which our practical achievements are basede 


fo obtain a better picture of the nature of our fundamental 
studies on proteins, the most valuable component of cottonseed meals 
I asked Dre Altschul to examine Southern Laboratory publications on 
proteins and to classify the research described in them as fundemental 
or appliede He reported that 13 of the 56 papers on proteins are 
unguestionably fundamental in nature. Some of the papers described 
applied rosoarchy while many of thom could not be classificd as being 
distinctly fundamental or applicde I think thet we can conclude that 
ot least 50 percent of the work described in these papers was funda- 
mentale 


I wish to express gratitude to the several porsons who have 
worked hard and contributed to the success of this conference. In 
particulors I wish to thank Mr. A. L. Ward of NCPA, ond Dr. Altschul, 
Harry P. Newton and J. A. Kime of this Laboratory. To all of yous 
I wish to express the wish that your visit will be pleasant and profit- 
able and that you will return at your carlicst opportunity. henk youe 
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OPENING REMARKS (continued) 
Ae Le Ward 


This conference is an important occasion for toth the cottonseed 
crushing industry and the livestock industry, especially swine and 
poultry fecderse Our discussions here today will climax nearly ¢5 years 
of cooperative efforts to improve cottonseed meal, The National 
Cottonseed Products Association has been working actively with the 
U. Se Department of Agriculture, State Experiment Stations and Land 
Grant Colicges since 1927; making its informaticn reacily available 
ands on several occasions. suppsrting fe:iowsmps for research. 

The major objectives of the Association's Educational Service have 
beens 


(1) Cooperstion with the J. S, Department of Agriculture 
to develop scientific facts; 


(2) Publication of literature in the language of livestock 
mens; and 


(3) Cooperstion with the Extension Service in cncouregin 
practical farm practices in feeding cottonseed 
products to livestock. 


The noed for lmowledge of tho effect of processing on the quality 
of cottonseed meal has long beon recognizeds Early investigators in 
Beltsville, ldes, in Texas, in Ohio, in Oklahoma, and elsewhere con- 
tributed much useful information on both processing ond the feeding 
of cottonseed meals, especially for cattle, Since its establishment in 
in 1938, the Southern Regional Research Laboratory has obtained much 
additional data, laying the foundotion for unrestricted utilization of 
cottonseed meal for non-ruminants. The NCPA has actively supported 
this wore 


Furthermores the combined efforts of the NCPA and the various re=- 
search agencies have greatly increased research-emindedness in the cotton- 
seed processing industry during recent years, At one time there were 
over 800 oil mills in the United States. Managers generally left their 
processing methods up to superintendents who followed old-fashioned 
techniques handed down by their predecessorse Todays there are fewer 
mills, but their management believes firmly in sciences 


The research workers whe have developed and tested the now, 
improved cottonseed meal, to be described here today are to be highly 
complimentede They have the full support of the National Cottonseed 
Products Associction in this work. 
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~-REVIF' OF NUTRITION..L RESEARCH ON COTTONSEED MEAL + 
by 


7 
Ce. M. Lyman 
Texas Agricultural Experiment Station 


Developments in our knowledge of the nutritionnel qualities of 
cottonseed meal may be discussed under three general headings: The 
nutritive value of cottonseed protein and the effect of processing 
variables: the presence of material in cottonseed meal which must be 
removed or modified by processing if unfavorable physiolngical effects 
are to be avoided; and the possible presence of unknown nutritional 
factors in cottonseed meal, 


The Nutritive Value of Cottonseed Protein and the Effect of Processing 
. Variables | 


The nutritive value ofthe: mixed protein of cuttonseed meal has been 
studied in a number of different ways including, nitrogen balance tests 
as developed by Mitchell and co-worker, feeding trials in which growth 
rates and efficiency af food utilization ere measured, and studies on 
the amino acid composition and the availability of amino acids. Such 
investigations all lead to the conclusion that cottonseed protein is 
of high nutritional velue, The biolngicel value of cottonseed meal 
protein, as determined by the use of rats, renges from 7& to 81, The 
value obteined for hogs by Mitchell and Hamilton wes 63, indicating a 
somewhat less efficient use of cottonseed protein by hogs than by rats. 


The digestibility of cottonseed_meal protein asreported by different 
workers varies considerably. This variation almost certainly reflects 
differences in processing conditions. 


What can we learn by examining the values for the content of the 
different essential amino acids in cottonseed meal? The following table 
shows a comparison of the amino acid content of meat and eggs with corn 
and cottonseed meal which we feed to the hogs and chickens. 

AMINO ACID CONTENT OF SOME FOODS AND FEEDS 


Expressed as Percent of Crude Protein 


eS cov th Melee ny oleae, me enian | “Oettongeed 
imino Acid Eggs HUPork Loin) Oey Corn Meal 
Arginine 6,22 6.41 4e82 10.52 
Leucine 8.97 8,62 11.89 bell 
Lysine 7250 8,69 3e1/ 4,430 
Methionine 3230 Budd 2625 1.50 


Tryptophane 1.52 1.15 0.84 1.57 
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Our attention is immediately focused on the discrepancy between 
the lysine content of the farm feed and the meat and eggs which we 
expect to produce from it, The situation is not remedied by choosing 
another grain, This situetion emphasizes the importance of carrying out 
the processing of cottonseed meal so that the maximum percentage of the 
lysine is available to the animal, 


Several years ago, Olcott and Fontaine in agrcement with the earlier 
report by Osborne and Mendel, found that heating cottonseed meal with 
steam under pressure significantly lowered the overall nutritive value 
of the protein. This treatment elso lowered the solubility of the 
protein in 3 percent sodium chloride, 


It is certainly important to have a fairly simple laboratory test 
to determine whether the processing of a given sample of cottonseed 
meal has left the protein in a condition which will promote maximum 
utilization, Protein solubility has been proposed as such a test, 


Ingram, Cravens, and Elvelyem have reported a method for "Evaluat— 
ing Cottonseed Meal Proteins for Chick Growth by Enzymatic Release of 
Amino Acids." A series of cottonseed meal samples were fed to chicks 
and their rate of growth measured, The rate of liberétion of amino 
acids by proteolytic enzymes under controlled conditions was also 
measured. 


A good correlation was found between the results obtained by the 
in vitro techniques and the growth supported in chicks by the cotton- 
seed meal samples, The method promises to be very uscful in future 
investigations. 
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Limitations on the use of cottonseed meal in rations for farm 
animals have decreesed progressively as the result of continued in- 
vestigations in this field, To Mr, Hale is due the credit for first 
showing that cottonseed meal could be used safely in rations for hogs 
provided the amount was limited to 9 pereent of the total ration. This 
finding has since been confirmed by numerous Experiment Stations, Then 
we have the early establishment of the fact that gossypol has no un-— 
favorable effect at all on cattle and other ruminants. The problem 
with respect to the most effective use of cottonseed meal in retions 
for poultry and hogs hes required considerably more attention. 


In interpreting the literature on the nutritive value of cotton- 
seed meal, recognition of the wide differences in susceptibility of 
different kinds of animals to gossypol is quite important, I+ has 
already been mentioned thet the ruminants are entirely unaffected, At 
the other extreme we have hogs, guinea pigs, and rabbits, These animals 
are extremely susceptible, We have an intermediary group which includes 
chickens and rats. This group is susceptible to gossypol, but only in 
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relatively lerge quantities. Feeding trials with rats and chickens 
showing excellent growth rates and no losses should not be interpreted 
to mean that the same meal would be suitable for feeding hogs in amounts 
in excess of 9 percent of the total ration. 


It has been well established, for a number of years, that the suit— 
ability of cottonseed meal for use in rations for animals other than 
ruminants is largely dependent on the conditions of processing, Gossypol 
which is readily extracted from raw cottonseed with ethyl «ther is still 
present in hydraulic or screw press meal where the conditions of process— 
ing have been adequately controlled; however, the solubility relation~ 
ships are changed, The gossypol can be no longer extracted by ethyl 
ether: its presence can be demonstrated, however, by extraction with 
aniline with which it combines, 


A number of years ago Clark postulated that the change in solubility 
of gossypol which takes place ses a result of a moist heat treatment 
reflected a combination of gossypol with some of the protein to form 
an insoluble compound. He called the gossypol, so changed, "combined 
gossypole" “le frequently refer to this form of gossypol as "inactivated 
gossypol" since its effect, if any, on animals which are susceptible to 
gossypol is very small, 


The development of colorimetric methods for the determination of 
gossypol supplied much needed tools for investigation on the nutritive 
value of cottonseed meal, particularly as affected by processing, The 
first of the colorimetric procedures wes developed at the Texas Agricul— 
tural Experiment Station, The method was based on the color produced 
by adding aniline to extracts containing gossypol, Since that time a 
number of new and improved methods have been introduced including two 
from the Southern Regional Laboretory here, 


In 1944, the group at Texas 4 & M reported a method for controlling 
the processing variables in the hydraulic procedure in order to make 
meal very low in free gossypol. The results of feeding meal processed 
under a variety of different conditions brought out the relationship 
between moisture, temperature, and time of processing to the free 
gossypol content of cottonseed meal. 


Some further comments concerning the term free gossypol may be in 
order, It would certainly be convenient for the research worker if 
the dividing line between free and bound gossypol were sharp and well 
defined, Such is, unfortunately, not the case, The firmness of binding 
of gossypol with other constituents uppears to very continuously from 
the free gossypol to a fraction which cannot be removed with the most 
exhaustive extraction. This points to a need for standardizing con- 
ditions for the determination of free gossypol. 


During recent years it has been scriously questioned whether 
gossypol is the toxic principle of cottonseed. Experimental findings 
have certainly justified this questioning; for example, in an investiga— 
tion by Boatner and co-workers, pure gossypol was fed to chicks, As a 
result, there was little retardetion in the growth rate: whereas feeding 
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cottonseed pigment glands, or uncooked hexane-extracted cottonseed, 
resulted in marked depression in growth retes, Experiments in our 

own laboratory indicated that fceding pure gossypol to guinea pigs 

had much less effect than feeding cottonseed meal containing an equiva— 
lent amount of free gossypol. However, gossypol in sufficiently large 
quantities was toxic, 


On the other side of the picture, Lillie and Bird found that pure 
gossypol and pigment glands containing an egquivelent amount of gossypol 
had the same effect on chicks when the gossypol wes fed in capsule 
forme 


The recent paper by Castillon and iltschul on the "Preparation 
of “eter-Soluble Combinetion Products of Gossypol and Their Toxicity 
to Aquarium Fish" is of particular significance in connection with 
this problem. Gossypol-protein, gossypol—starch, gossypol—dextrose, 
gossypol—-glycine, and gossypol~lysine were prepared, The toxicity 
of the complex materials varied over a wide range. The reactivity 
of gossypol with such a wide variety of substances and the resulting 
change in toxicity make it unnecessary to postulete the existence in 
cottonseed of any other substance with toxic properties, 


Severel different mamufecturing procedures which result in un- 
questionably superior cottonseed meels from the nutritive standpoint 
heve been worked out, Among them may be mentioned the gland—free meal 
prepared here at the Southern Regional Lzeboratory and the solvent— 
extracted meals made by solvents such as isapropyl alcohol, which 
reduce the free gossypol to a very low level, Production costs will 
determine whether these methods are commercially valucble. 


The principle of reducing free gossypol by controlling the shear- 
ing action of the screw press appears to offer great possibilities. 
We shall hear more about this during the present meeting. 


The Possible Presence of Unknown Nutritional Factors in Cottonseed 
Meal 
pues 


In 1948, 4ucker and Zucker reported the results of an investiga~ 
tion of "Lactation in Rats on Well-Fortified All-Plant Retions," When 
soybean meal was used as the protein supplement, lactation failed, 

When the soybean meal was replaced with cottonseed meal, normal lac— 
tation resulted, thus indicating the presence of an unknown nutritional 
fector necessery for normal lactation. lt should be kept in mind that 
vitamin B,9 was not included in these experimental rations. 


Another very interesting report appeared in 1949. Ruegamer pre-— 
sented evidence of an unidentified rat growth factor in cottonseed 
meal. Here again, all—vegetable rations were used, The type of assay 
wes essentially the same as that used for the determination of 
vitamin B... The addition of desiccated thyroid to a ration in which 
soybean otf meal supplied the protein resulted in marked depression 
of growth or even loss of weight of the animals, In Ruegamer's 
experiment when cottonseed meal was substituted for the soybean oil 
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meal the marked depression in growth rate did not take place when 

the desiccated thyroid was fed, The addition of liver preparations 
contéining vitamin Byo resulted in normal growth with soybean oil 
rations. At that time it could not be determined whether the results 
of these experiments were due to the presence of vitamin B,5 in cotton- 
seed meal or to some other substance, 


“ith reference to the possibility that cottonseed meal contains 
vitamin B)2, we may refer to the publication by Richardson and Blaylock 
who showed that rations containing as much as 30 percent cottonseed 
meal still responded to the addition of preprations of vitamin Byoe 
It may be mentioned that in these experiments the vitamin B)9 prepara- 
tions did not contain any antibiotics, 


We may now refer to the work of Millikan and Bird who studied 
the effect of cottonseed meal processing variance on chick grovth, 
These experiments under the conditions used failed to show any evidence 
for an unknown growth factor, 


It seems clear now that cottonseed meal is not a source of 
vitamin B,,. «A number of recent papers have dealt with the complicated 
interrelationships of the metabolism of methionine, homocysteine, 
choline, and betaine with vitamin B 2° It is known that the require 
ments for vitamin B,5 are modified bs the level of same of these 
substances in the ration, The possibility cf the presence of some 
substance in cottonseed meal which exerts © sparing action on 
vitamin B,9 is suggested here, 


 REVIEY OF METHODS OF ANsLYSIS OF COTTONSEED MEALS X 


by 
me 
T. H. Hopper 
Southern Regional Research Laboratory 


Analysis of feeds tc estimate their nutritive value has been the 
subject of much study during the last 150 years, During this period 
imich has been learned cf the canposition of feeds and the nutritive 
requirements of animals, Feeding standards have been developed 
and widely used. These developments have contributed immensely to 
the economy and expansion of the livestock industry and to the commer-— 
cial evaluetion of feeds for trading purposes, Yet, in the final 
analysis of the nutritive value of feeds, it is necessary to cepend on 
the growth and fattening response of experimental animals, Many of the 
qualitative characteristics of feeds, when fed alcone and in combina~ 
tions, have not been explored. sufficiently to allow besing evaluation 
of mutritive value on analytical results alone, 
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The present discussion will be limited to consideration of some 
aspects of the laboratory estimation of protein quality and of the 
determination of gossypol pigments in conneoticn with the work of this 
Laboratory on increasing the utility and nutritive value of cottonseed 
meale 


The Analysis of Protein 


The protein content of a feed is customarily estimated by multi- 
plying the nitrogen content by a factor (6.25). This gives a 
quantitative value but tells nothing of the qualitative characteris- 
tics and of what biological value the protein may have as a nutricnte 
Proteins differ in their amino acid contents and are modified physicallys 
ond perhaps chemically, in oilseed meals by the processing methods by 
which they are obtained from the seeds, Ultimate evaluation of the 
nutritive valuc of a protein appears to depend on development of ready 
means of knowing the digestibility ond the biological value of the 
digested portion taken into tho blood streame 


Nitrogen solubility has been given oonsiderable attention as 
an approach to the laboratory bench estimation of the quality of 
proteins In the processing of cottonsesdy conditions ore established 
which contribute to the heat denaturation of the protein in the 
resulting meale When exposed to denaturing agents, proteins undergo 
a number of changes which arcs (1) decreased solubility; (2) increased 
digestibility by proteolytic enzymes; (3) exposure of oxidizing and 
reducing groups (4) loss of enzymatic properties if the protein is 
an onzyme $ (s) modification of the specific immunological properties; 
and (6) decreased diffusion and increased intrinsic viscosity of the 
protein. 


To certain extents, this heat denatur:tion is influenced by 
moisturee It starts at oa temperature of approximately 607 Ce in 
addition to denaturetions, excessive heat may cause some degradation 
or destruction of protein which is oxpected to reduce its nutritive 
valuce 


The decrease in protein “solubility” has been evaluated through 
determination of the nitrogen peptized under conditions of the test 
expressed as 2 percentage of the total nitrogen in tho sample. The 
results arc used as a means of indicating the effect of heat during 
the processing of the seed on tho propertios of the protein. 


Two methods have been used in this Laboratory for peptizing the 
protein of cottonseed meal se One specifies the use of on 0.5 N water 
solution of scdium chloridee The other specifies peptizing in water 
with the pH adjusted to a specified value with sodium hydroxide. The 
soluble nitrogen is taken as that present in the supernatant. 
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It scems that the peptizability of the proteins differs and that 
methods found useful for one protein do not apply equally well to 
_ others. In this connection the general use of water alone for peptizing 
soybean protein in determining the soluble nitrogen is cited. 


The values cbtained for soluble nitrogen are considered empiricale 
The soluble nitrogen as a percentage of the total nitrogen varies with 
the choice of methods, and consequently varies with ratio of sample 
to dispersion median; time, temperature, and agitation of dispersion; 
emnount and method of removal of lipids; fineness of grinding of sample; 
and the nature of the dispersion mediae 


Another approach to estimation of the influence of conditions of 
processing cottonseed on the quality of the protein in the meal now 
being examined is through the determination of thiomin. It was 
suggested to us by Je Ws Hayward of Archer-Daniels-Midland Companys 
who had observed that the destruction of thiamin in soybeans parallels 
the loss in nutritive value of the protein attributed to the action of 
heot during processinge 


The method used is based on the work of Conner and Straub ond 
involves the oxidation of thiamin to thiochrome which fluoresces in 
ultraviolet lighte This method is essentially the same as the one 
recommended by The Association of Vitamin Chemists. 


Determination of Gossypol 

In extending the utility of cottonseed meal as a feed, especially 
for swine ond poultry, gossypol pigments are still a problem. Gossypol 
is a polyphenolic compound present in the pigment glands of cottonseed. 
On processing the seed by the presont hydraulic- ond screw-press 
methods, the glands are broken and the gossypol mixed with the sub- 
stances of the secds According to present evidence, the gossypol 
reacts with the free amino and carboxyl groups of the protein and is 
“bound.” Howoversg this reaction, controlled by time ond temperature, 
is not comploto and some of the gossypol is not “bound" in the finishod 
meale Thuss thero is always some freo gossypol, in addition to the 
bound gossypol, in all commercially processed cottonseed mealse 


Cottonseed also contain pigments related to gossypole These pig- 
ments include gossypurpurin, gossycaerulin, and gossyfulvin, which 
have been characterized. Those wishing detailed information on the 
pigments of cottonseed are referred to Dre Boatner's chapter on the 
subject in the monograph on "Cottonseed ond Cottonseed Products;' 
edited by Ae Ee Builey. 


The methods used currently here are based on the principles of 
the one developed by F. He Smith, which involved the reaction of 
extracted gossypol with aniline to produce a colored reaction products 
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suitable for colorimetric estimation. peAnisidine, © colorless 
crystalline compound, is used in place of aniline. 


For the determination of free gossypol pigments in cottonseed 
materiolss the extraction is made with aqueous acetone in which the 
pigments are sufficiently stable for the purposes of the methode 
In determining total gossypol, the hydrolysis of the bound gossypol 
pigments in cottonseed meals is accomplished in a solution of 
oxalic acid in aqueous ethyl methyl ketonee In analyzing oils for 
gossypol pigments, the sample is dissolved in a mixture of hexane 
and isopropanole 


These methods for gossypol pigments ore suitable for routine 
analysis of cottonsced productse Te the best of our knowledge, 
they determine the total of the free or free end bound pigments, as 
the case may be, and do not distinguish between gossypol and the 
several related gossypol pigments that ares or may bes, preset. 


Tho value of the results obtained by use of these methods of 
analysis will be cited later on this program by F. He Thurber in his 
report on the “Effect of Processing Conditions on Chemical Properties 
of Cottonseed lical," 


It is suggosted that those interested in the details of the 
procedures uscd discuss them informally with Mr. ©. Le Hoffpauir and 
Mre Re Te OfConnors Acting in Charge of the Analytical oni Physics 
Sectionss respectively. It would seom unnecessary to go into the 
details of the techniques at this timo. 
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~ THE PIGMENT GLAND-FRACTIONALION PROCESS 


by 


Be A. Gastrock 
Southern Regional Kescarch Leboratory 


If we were secking a single reason to justify this meeting, that 
reason might be compressed into one word =- gossypol. This unique 
compound ond its related forms are found within discrote sacs, 
called pigment <lands, embedded in the mcal tissue of the cottonseed. 

The pigment sland content of cottonseed meats ranges from 1 to 4 porcent, 
and the gossypol content of the pigment glands varics from 389 to 
49 perconte 


t is hardly nocossary for m to tell this audicnce why gossypol 
ond pigmont glands are important in cottonseed processinge Cottonsecd 
meal is usod almost entirely as fced for animals. While its use for 
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ruminants is generally not restricted, there are definite limita— 

tions at present on its use for swine and poultry, These restric— 
tions are due mostly to the gossypcol content of the meal — principally 
the free gossypol content, 


It was natural, then, for workers at the Southern Regional Research 
Laboratory to spend a great deal of effcrt on the study of gcssypol and 
its related compounds, and on the glands which contain these pigments. 


The Flotation Method 


In some cf the early werk of Dr. Boatner and her associates it was 
observed that, if ccttonseed meats or flakes were cisintegrated in a 
Waring blendor in the presence of a liquid which wes inert toward the 
various components involved, some of the pigment glands were—freec from 
the surrounding tissue, Suitable liquids were a number of pétroleum 
hydrecarbons, some chlorinated solvents and cottonseed oil itself, In 
general, a solvent that mixes with water, and water itself, are not 
suitable due to the rupturing effect on the pigment glands, 


A further observation of these workers was that the various solid 
components of the meats had differing censities and that a mixture 
of chlorinated and non-chlorinated solvents cculd be made that would 
have a density between that of the pigment glands and that of the meal, 
permitting the glands to float and the meal to sink, Hull particlos, 
if present, would sink with the meal, from which they could be separated 
later by using a solvent mixture of slightly higher density than that 
used before, The hulis are denser than the meal and would then sink 
while the meal woulc float, 


This method, called flotation, was expanded to a larger scale 
and used in the production of abcut 100 pounds of pigment glands and 
about 1,000 pounds of purified meal, These materials were used in a 
great many evaluation tests to establish the cutstanding properties 
of the purified meal, and in additional research on pigment giands and 
gossypol. 


Attention was then directed to further development of the flotation 
methed in order to cetermine its commercial possibilities, Differences 
in density between the pigment glands and meal portions of cotton 
seed, although definite, ere small, so that when flotation is practiced 
batch—-wise in a tank the separation requires 2 long period, It was 
natural, then, that continuous methods using centrifugal equipment 
should be tried, However, these machines prcduced an unexpected re— 
sult. The fine material which settled under quiescent conditions in a 
mixture of solvent having a density of 1.376 would not respond to the 
gravity differences in a continuous centrifugal machine, The fine meal 
material would be discharged in the overflow with the pigment glands 
rather than in the underflow with the hulls and coarser meal perticles. 
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Differential Settling 


This forced e revision of the process. Now, by using a single 
solvent, hexane, anc by applying the principle which we term differen- 
tial settling, we can remove the fine purified meal particles as a 
suspension after the rest of the material has settled, This prcecedure 
was found to work satisfactorily — batch-wise in tenks or in con 
tinucus machinese 


The overall process, however, is not as simple as that, The cotton- 
seed meets in flake form, suspended in commercial hexene, must be care- 
fully disintegratec to separate the fine meal from the pigment glands: 
and the pigment glands must remain essentially undamaged in the disin- 
tegration operation, any appreciable damage to the pigment glands re- 
sults in some gossypol leaving the glands anc combining with the meal tc 
a variable extent. This we must avoic, 


It is important tc remove material from the disintegrating zone 
as quickly as the pigment glands are relessed and fine material, free 
of glands, is produced, A good way to de this is to pass the material 
in slurry form over screens having openings cf cifferent sizes, On 4 
14-mesh screen, coarse hull particles, rather free of meal, can be 
removed, The material retained on e 60-mesh screen is returned for 
further disintegration. Material sufficiently disintegrated passes 
through the 60-mesh screen and is ready for the differential settling 
stepe 


Differential settling of the through 60-mesh fraction separates 
the purified fine meal tissue from the released pigment glands, The 
solvent is then removed frcm the purified fine meal by centrifugation 
or filtration, followed by a crying step. 


Frecticnation may be carried out. as an independent process 
following hulling of the seed, or it may be carried out after a partial 
defatting in conventionel solvent extrection equipment, 

It is not possible in the scope of this talk to discuss at any 
considerable length the problems which remain to be solved, They are 
not simple, and they involve processing operations many of which heve 
no industrial counterpart. Our present emphasis in the work is to 
produce several tons of purified meal, anc in order to do this we have 
had to place a second pricrity on process development. 


The Products of Fractionation 


I would like to devote the rest cf the time available to a dis- 
cussion of the products of fractionetion, Oil produced by fraction- 
ation should be equal in quality to thet produced by scolvent— 
extraction using commercial hexane. 
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The purified meal produced, however, is unlike any cottonseed 

meal now offered for sale, It is light yellow to creamy—white in 

color and is produced as a fine flour. We believe it could be pro- 
duced in a form similar to pearl starch, It is practically free of 
hulls and has a free gessypol content of about .06 percent. The 
nitrogen content is about 10 percent, corresponding to a protein content 
of about 62.5 percen The protein s:lubility in 0.5 N NaCl is the 
highest of any cott panseed meel we know -— about 85 percent. Similarly, 
its thiamin content, 39 parts per millicn, is the highest of any 
cottonseed meal that has been studied to date, 


There is evidence thet the loss cf essential amino acids in frac 
tionated cottonseed meal, Jue te processing, is less than for other 
cottcnseec meals, end also that the essential amino acids present have 
greater availability for nutritive purposes, In other words, the har ak 
of fractionated eottonseec meal is just about as close as we heave bee 
able to get, on any appreciable scale, tc the native protein in ate 
secd, 


The pigment glands are obtained as a concentrated fraction, Fur— 
ther processing can be applied to yield fairly pure pigment glands or 
the gossypol can be removed with sclvents from this concentrated 
material, Gossypol should be an interesting chemical raw material, 

The gossypol content cf an annual crop of cottonseed is ihe ut 50,000 
tons, and if quantity uses can be develeped for the pigment we believe 
it can be produced at a reasoneble price, I am sure the ecttonseed 
precessing industry would not cbject to an additions] source of revenue 
from gossypol, at the same time it is making a most muitritious meal 

and a high grace oil. 


YOEFFECT OF PROCESSING CONDITIONS ON CHEMICAL PROPERTIES OF COTTONSEED MEAL ¥ 


by 


F, H, Thurber 
Southern Regional Research Laborstory 


About three years ago, studies were begun at the Southern Regional 
Research Laboratory te compare the chemical properties and nutritive 
values cf commercially processed and experimentally processed cottonseed 
meals, The variations in these values were so umusual that the results 
were reported to a committee of the agricultural Research Administration 
of the U, S, Department of Agriculture in Washington, The Committee 
decided that a re-exeminaticn of the relationship between the nutritive 
velue and methods of processing should be made, The research program 
begun at that time has led tc the production of the highly nutritive 
cottonseed meals being considered at this meeting, 
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Commercial cottonseed cil mills, State Experiment Stations, and 
the Beltsville Station have cooperated with the Scuthern Regional 
Laboratory in this research program, Inasmuch as it is desirable to 
have the results cof nutritional investigations cirectly applicable to 
industriel practice, experimentation on processing conditions has been 
dene in industrial plants insofar as possible, Solvent—extraction, 
hydraulic-press, anc screw-press procedures are all being investigated$ 
but due to the interesting developments in screw—press meals these are 
being given immediate attention. 


In cooperation with the Southern Regional Laboratory, four different 
series of meals have been prepared by the South Texas Cotton Oil Company 
under carefully controlled processing conditions at their Harlingen, 
Texas, plant, Temperature, time of cooking, moisture cantent in the 
cooker, press throughput, and energy input to the screw press, were 
varied over wide ranges. Differences in chemical properties were deter— 
mined by the Southern Regional Laboratory and meals were then submitted 
to State and Federal Experiment Stations for mutritional investigations 
with rats, chickens, swine, end dairy cattle, Progress reports on 
these nutritional investigations are being made at this meeting by 
other speakers, 


Processing conditions and chemical properties of typical meals 
prepared for these investigations are shown in the table on page 19. 


Processing Conditions 


In preparing these screw-press meals a 4-ring cooker was used and 
the temperature was gradually increased from the first to the fourth 
ring. For example, in run S5-1 the temperature recorded in each of 
the 4 rings were 130, 194, 222, and 230° F.: consequently, the meats 
were not cooked at the maximum temperature for the maximum time in- 
dicated in the table. Maximum cooking temperatures were varied from 
160° F, to 280° Fe: time in the cooker from 20 min, to 100 min.: 
throughput in the press from 46 to 62 pounds in 5 minutes, and energy 
input to the press from 50 to 61 amps, We do not have a method for 
measuring pressure and shearing forces in the screw press and for that 
reason the energy input expressed in amperes eat a constant voltage was 
used as a measure of pressing conditions. 


Gossypol 


The free gossypol shown on the table includes the gossypol and 
gossypol—lLike compounds which dissolve in 70 percent acetone under 
specified conditions: total gossypol is the free gossypol plus the 
gossypol that is hydrolyzed by oxalic acid under specified conditions; 
and bound gossypol is the total gossypol minus free gossypol. 


Since preliminary experimental feeding tests with rats, chickens, 
and swine have demonstrated that bound gossypol is not appreciably 
toxic to farm animals, free gossypol rather than total gossypol has been 
used as a measure of the toxicity of cottonseed meal. Cottonseed meals 
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having a high content of free gossypol diminish the growth rate and, 

in extreme cases, caused the death of certain experimental animals, 
while meals with less than 0.04 percent of free gossypol gave excellent 
growth rates with swine whose diets contained as much as 43 percent of 
ecttonseed meal. Hssentielly all of these experimentally prepared 
screw-press meals were non-toxic to farm animels; however, preliminary 
tests on the hatchability and discoloration of eggs made by the Bureau 
of animal Industry indicated that cottcnseed meals containing much less 
than 0.04 percent free gossypol may be needed in diets for laying hens. 


Gossypol and other pigments are contained in glands in the cotton- 
seed, When the glands are ruptured, some of the gossypol escapes and 
combines with other components of the meal to form bound gossypol. Other 
chemicals besides the meal components may also combine with gossypol. 
Some of these new compounds may be toxic while others are non-toxic. In 
the Southern Regicnel Laboratory, glycine has been combined with gossypol 
to form a product thet is entirely non-toxic to rats and mice, and at 
this meeting the North Carclina Experiment Station is repcrting on the 
use of iron salts to reduce the toxicity of gossypcl. 


Pigment glands can be ruptured in a number of different ways. 
For examples 


(1) Chemicels such as some of the ethers, alcohols, and 
ketones rupture pigment glands and dissclve the gossypols; 


(2) In many hydraulic cil mills and in some of the screw-— 
press mills, cottonseed meats are cooked at a temperature 

of about 230% with steam added to the cooker, The ccmbination 
of heat, moisture, and stirring in the cooker ruptures many 

of the pigment glands with e ccnseguent decrease in free 
gossypol, Hcwever, in this precedure the nutritive value 

of the protein is lowered by high temperature cooking: 


(3) In our experimental screw-press runs, in which low 
temperature cooking was used, nearly all of the glands were 
intact after cooking and practically all of the gossypol was 
present as free gossypol, After pressing essentially all 

of the glands were broken and the free gossypol content 

had dropped fromO06 percent to less than 0,04 percent. In 
this procedure, free gossypol is changed to bound gossypel 
during the passage of meal through the screw press — without 
exposing the protein tc high temperatures and moist heat. 


Effect of Heat on Pretein 


The nutritive value cf vegetable proteins is lowered by excessive 
heating, especially by moisture and heat. The cause of this heat in- 
jury is not definitely known, but a number cf investigators have 
suggested thet vegetable prcteins are modified by heat to the extent 
that seme of the essential amino acids are not absorbed in the digestive 
system of animals at the right time to be evailable for re—synthesis 
to body protein, 
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Some cf the preliminary results of feeding tests indicate 
that the experinentel. screw-pressed meals processea at temperatures 
below 200° F. have a much higher nutritive velue than these processed 
at the higher temperatures (230 to 250° F, or higher) now generally 
used in screw-press oil mills, 


Methocs to Determine Heat Damage 


Food and feed processors are in need of a rapid laboratory test 
to determine the extent of heat damage to proteins in precessing 
operations, Soluble nitrogen and thiamin determinations, as well as 
electrophoretic analysis of protein fractions, are being studied in the 
Southern Regional Laboratcrye 


The electrophoretic analyses indicate that there is a regular 
change in the composition of the prctein mixture as a function of 
time and temperature of cocking, 


Soluble nitrogen has been defined as the percent of nitrogen 
soluble in half moler salt sclution under specified ccnditions, The 
soluble nitrogen content of these experimental meals varied from about 
& to about 82 percent. Although the correlation between soluble 
nitrogen end nutritive value has not been especially good, in general 
those meals with a high content cf soluble nitrcgen also have had high 
nutritive value and these with a low content of scluble nitrogen have 
hed low nutritive value. When the maximum temperature in the cooker 
was under 200 ° F,, the scluble nitrogen content of the meal was usually 
above 25 percent, The effect of energy input to the press on soluble 
nitrogen is illustrated in Runs S4-1, -3, anc -4. 4t 50 amperes the 
soluble nitrogen content was 45 percent and at 61 amperes it was re- 
dueec to 26 percent. If screw-press meals with e soluble nitrogen 
ecntent cf 45 percent are superior to these with a soluble nitrogen 
ecntent of 25 percent, end if efficient cil extraction can be maintained 
with a low energy input to the press, cperating conditions such as 
those used for Run S4-1 are desirable, 


Thiamin, cr vitamin Bj, has been cetermined by chemical ana by 
microbiological procedures, The experimentally processed screw-press 
meals contained from 1-1/2 to 15 varts per million, while meals S6~-9 
and -10 hed 39-1/2 and 29.8 parts per million, respectively, This 
would indicate thst some of the thiamin was cestroyec during screw— 
press processing, However, the thiamin values cf the screw—press 
meals appear to correlete quite well with the nutriticnal values 
reported, 


Summary 


It has now been fully demonstrated that non-toxic, highly nutri- 
tive cottonseed meals can be prepared by screw-press procedures. 
Factors determining the quality of the meals are the nutritive value 
of the proteins, the amount of pretein, and the content cf free 
gossypol. Nutritional investigetions indicate that the cbjective in 
processing should be to produce meals with a low gossypol content without 
subjecting the ccttonseed to excessive heat which damages the proteine 
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DISCUSSION 


Question (Ward): What is meant. by less energy applied to the press? 


Answers Energy was measured in amperes of electricity used by 
the motor in operating the presse We do not have any accurate means of 
determining temperature, pressure, and shearing forces in the screw 
press, anc for that reason have used amperage at a constant voltage 
as & measure of these factorse 


Questio Ciard): How did you change the processing conditions 


ee 


from those cna employed in screw pressing operations? 


Answer: llost screw press plants use high temperatures, cooking 
up to 270°F, leny Operators also add water and cook for 30 or 40 
minutes. This reduces the free gossypol content but lowers the 
nutritive value of the meal. It is suggested that meals be cooked 
without the addition of water to the cooker and at temperatures 
below 200°, 


Question (Ward): What was the difference in the oil extraction? 


Answer: Good oil recovery was obtained in the preparation of 
these experimental meals. No actual mill-scales oil runs were made. 


After the conferences if we can decide on optimum processing conditions, 
e sufficiently large quantity of seed will be precessed to get reliable 
data on the oil as Sooanid as the meal. The present indications are that 
low temperature processing gives good oil aueliey and yield. 


Question (Lyman ) : Are high temperature necessary to bind 
gossypol? 


Answer: Nos the pressure in the press seems to result in the 


bindinge 
Question (Kruse Is moisture in the meal acting as a lubricant 
in the screw ArGssi Are the better results with dry meals due to the 


increased friction or shear resulting from the absence of water? 


Answers ‘We are not positive, but we think the absence of water 
results in greator shear. 


Question (Keller): Are tanperstures cited in the tables cooking 
temperatures or barrel temperatures? We as the press water-cooled? 


Answor: Temperatures are cooking temperatures. The press was 
water-ccolede 


Questi.o1 jon (Kelle Lor): What is the significance of the moisture 
variation in the various experimental screw-press meals? 


Answer: Differences in moisture wero not very greate 
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(Mir. Willians of South Texas Cotton Oil Cos pointed out that con- 
siderable time often sclapsed between taking of the sample and 


determination of moisture. Therefore moisture content obtained may 
not reflect the true moisture content of the sample in the press) 
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4 NUTRITIONAL VALUE AND £ ase peener AVAILABILITY OF COTPONSBED LBALS, 


Series 1 and 5. 7 (ass tRacty- x 
by 
Me Je Horn 


Bureau of Human Nutrition and Home Economics 


Ten cottonseed meal samples comprising Nutritive Processing 
Serics Noe ls, with a solvent-extracted meal as control, were fed at a 
level of 10 percent protein to young inmale rats. The protein efficien- 
cies (gras rain por gram of protein consumed) varied from 0.54 to 2.26 
for the experimental meals, indicating that the protein is considerably 
altered in nutritive value by the various processing treatments. 


In one serics of cxperiments, Vitemin By2 was added to the 
control (solvent-cxtractod) meal rations An increase in the protein 
efficiency from 2.50 to 2.70 indicated that this vitamin is not present 
in optimum amounts in cottonseed. The meals are listed below according 
to their protein efficiencies: 
Control meal and vitamin 


BQ weccerccersvecccecsscceseoes Cold 
Control Monl veccevens res et eee eed. Og 50 
SaeiGe lg Non GB sub evect ce snsh one O20 

Nose 2s 7s ond 8 eevcne 2e06 
Nose 13354, ena GS seses Lel4 


NOe SS Nes Eure tat gr @icet ae aie a eee © 0.54 
Seven of the cottonseed meals of Series 5 have also been fed at 
the 10 percent protein level to young ratse In this Series only meal 
Noe ls with o prototn solubility of 15.3 percents showed © protein 
efficiency significantly lower than that of the other meals, whose 


protcin n plube tities voricd from 25.0 to 42ec porconte 


ee me ee 


#o.. Appondixs pp. 67 and 68, for tables describing theso mealse 
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Because the animal experiments ee that there were creat 
differences in the nutritive value of the proteins of the first 
series of cottonseed meals, studies on na essential emino acids were 
made in an attempt to find out what changes had taken place in the 
proteins to cause these differences. «cid and enzyme hydrolyses were 
made on each somple, and the meals were assaved for the ten essential 
amino acids. 


‘The data obtained on these snalyses showed that there was not only 
un actual cestruction of the amino acids by some methods of processing, 
but also a oe effect which made the proteins undigestible to 
enzymese this effect on the Kaetlebit ity "of the essential amino 

is 


ucids to the microorganism differed wiheay for the several meals, 
depending on the processinge 


A tia stg ee of the results from enzyme treatment of the pro- 
cessed meals with those of the standard meal was used to indicate the 
Aoreee me "availability" of each amino acid, using the stundard meal 
aS 1006 ee: it is recognized thet all the amino acids may not 
be limiting, the sum of the percentages of availability for o11 the 
essential omino nieids in each meal was used to give an index of -the 
nutritive valuee According to these "indices", the meals of Series 1 
were aligned in three groups in the following order of decreasing 
nutritive value 


Group 1 = Nos. 8, 7, and 6 
Group 2 = NoSe 4) 9s 2s 1s ond 3 


Group 3 = Noe 5 


Question: What was the standard meal used in the analyses? 


Answer: Standard meal was 


methyl-ethy-ketone-extracted meal in Ser 


heated during their BAC SRE alan 


de-glanded meal in Series 1 and a 
ies 5¢ These meals were not 


Questions Were these meals the same ones described by 
Dr. Thurber? 


Answer: Yess Series 1 and 5 mealse 


Question: What is the factor which removes arginine from 
solutions on “standing. 


Answers: It may be gossypol which combines with the arginine. 
If not, ib is an unknown factor. 
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Question: Would this affect the nutritive value? 


Answer: Yess it would bind it up and make it unavailable to 
animalse 


Questions Your amino acid analyses show large differences for 
the various processing conditions. This is surprising to me since in 
my experience I have not found such differences in my analyses 
of a wide variety of mealse 


Answer: Amino acid -.analyses reported here are based on 
enzymatic hydrolysis which gives the amino acids which are bound and, 
therefore, not available. Acid hydrolysis gives the total amino 
acid content ands therefore, can only give information as to the amino 
acids actually destroyed during processinge 


Question: Did you use the acid hydrolysis method? 
ee ee ee J J v 


Answers Yes. That probably explains the difference. 


Questions How did you arrive at anino acids destroyed during 
processing? 


Answer: By acid hydrolysis. 
Question: What about the histidine destruction? 
Answer: The analysis of histidine was: made by enzymatic hydrolysise 


Gastrocks The data show that butanone extracts something which 
affects the cvailability of the proteins, and that the protein of the 
methyl-ethyl-letone Behicanter meal (standard meal) is available to th 
animalse The SRRL has several solvent-extracted meals available en 
use in Nutritional work. These meals are butanones, acetone, and 
benzene extractede ; 


Horn: Would be very pleased to obtain some of these solvent- 
extracted mealse Will discuss this with you later. 
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“> ERFECT OF PRUCESSING VARIABLES ON NUTRITIVE VALI OF 
COTTONSEED MEAL FOR POULTRY AND SwINY (ApS TRAOT) 


by 


N. Re Ellis 
Bureau of Animal Industry 


Various batches of cottonseed meal of Series 1 (sce Appendix, p. 67) 
Supplied by the Southern Regional Research Laboratory, Bureau of 
fgricultural and Industrial Chemistry, were fed to poultry and swine 
to measure variations in nutritive value due to processing treatment. 


Cooking temperature exerted a marked influence on the value of 
expeller-produced meals as measured by the growth of chicks.e From 
our testss it appeared that the supply of availeble lysine and the 
percentage of soluble nitrogen both decreased as the cooking tempera-= 
ture rose; 200°F. being considered the maximum for good results. 
Length of cooking period had little influencee Meals containing up 
to O«l percent of gossypol were fed with safety in amowmts up to 
59 percent of the diet of chicks; ond when the gossypol fraction was 
0202 perccnt or less, as much as 70 percent of meal could be fede 


Tests with swine have shown that expoller=produced meals can bo 
Superior in fosding value to hydraulic-produced meals ond approximatc- 
ly equal to the botter grades of soybean moale 


Like the chick growth results, dccreasing the cooking tempera- 
ture of the meals from maxima of 230°F, down to 180°F gave ‘increasing 
growth rates in pigse The best meal with an indicated free gossypol 
content of approximately 0.04 percent, and fed at a level of 
31 percent of tho dict, was equal to soybean meal es a protoin supple= 
ment to the basal diet composed of corn, alfalfa meal, minerals, and 
Vitomin Blj2 concentrate. 


DISCUSSION 
Question: Did the feeding efficiency follow the rate of gain? 


Answers Yoss in a general way. 


Question: Did the efficiency rating go dowm with the rise in 
temperature ? 


Answort Gonerally yose 
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Y THE EFFSCT OF GOSSYPOL ON BGG HATCHABILITY, WEIGHT AND 
EGG COLOR, SeBstEncyy x 
by 


Be We Heywang 
Southwest Poultry Experiment Station, BAI 


Data wore obtained in three experiments with mature White Leghorn 
chickense 


In the first cxperiments hatchability was not affected when 
cottonseed inmeal or raw decorticated cottonseed furnished .012 percent 
or less gossypol to the diets, but hatchability decreased appreciably 
when thoy furnishcd .0]l6y or .024, or .036 percent gossypol to the 
diet. In cggs that were held in cola storage, the degree of yolk 

iscoloration attributable to gossypol increased as the free gossypol 
content of thc diets incroascd. 


In the second experiments pure Zossypol at the .012, .024, and .036 
percent lovclss rospectively, was mixed fresh every two deys with a 
diet fod to threo groups of chickense Gossypol had an appreciably 
adverse effect on hatchability and egg weight at the 2024 percent 
level, and a still greater adverse effect at the .036 percent level, 
but did not effoct cigher at the .012 porcent level. Hatchability 
and egg weight roturncd to normal after gossypol feeding was stoppede 


The procedure in the third experiment was similar to thet in 
the second experiments cxcept that the mixed dicts were sllowed to 
stand for five days and then fed on the sixth and seventh daySe 
Hatchability and ege weight were not affected, thus indicating that 
the gossypol was either destroyed or rendered inactive before the 
diets were fede 


fete 


DISCUSSION 


Question: Is there any loss of free gossypol in the meals on 
standing? 


Answers: This is not known for certain. 


Question: What are the recommended safety limits of gossypol 
content with respect to hatchability. 


Answers Below’.012 percent of the total ration. 
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Questions And for yolk discoloration? 
Answer? «At 0.008 percent of the ration,free gossypol had on effect 
on yolk colore These figures are percentages of the total dict so that 
the percentages of gossypol in the cottonseed meals used would be highcre 
That is, with 20 percent cottonsecd meal in the ration the gossypol 
content of the cottonsced meal would be 5 x 96005 or 0.04 percente 


Question: What is the effect of bound gossypol on egg ooloration? 
Answer (icywang): We are not sure about this. 


(Lyman): Experiments on isopropsnol extracted meals 
indicate that pound gossypol does not affect yolk color. 


Questions: Has gossypol been recovered from egg yolks which are 
disclored? 


Answer: No work has been donc on thise The yolks are dis- 
colored, bus wo do not mow in which form the gossypol is presente 


Question: Gessypol at 0.008 percent of the ration caused dis- 
coloratione Was this tried at the 0.004 percent level? 


Answer: No work has been done on levels below 0.2008 percent 
so fare ences wo do not know tho threshold level, but only that 
some coloration is obtained at the 0.008 percent levele 
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COTTONSEED MEAL TOXICITY STUDIES, (aasmen/ 
by | 


Ke T. Holley 
Georgia Agricultural Experiment Station 


‘When corn was used as the source of carbohydrate in swine rations 
containing 20 percent cottonseed meal in dry lot foeding the usual 
heavy losses were incurred, but if the animals had access to pasture 
very few dicde Barley substituted for corn in dry lot feeding re- 
duced the lossos to about the same levol as pasturagee Very young 
pigs were used to start these feeding trialse 


The results obtained with pigs were not reproduced when weanling 
rabbits wore usod as the test animals. In part, this is duc to 
groater sonsitivity of the young of this species than of young pigs 
to cottonseed meal toxicity. Studies with theso sensitive animals 
emphasized the significance of hemorrhages in cottonseed meal and 
gossypol toxicitye | 
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Gossypol and toxic cottonseed meal lower the prothrombin of the 
blood of both rabbits and pigse This hypoprothrombinemia may be 
controlled by the use of peroxides in cottonseed mealss Such control 
of hypoprothrombinemia did not prevent hemorrhages nor death in 
rabbits,» but did increase survival time in short trial periods. 
Pasturage reduced the hypoprothrombinemia in pigs, but greenstuff 
had no such effect on rabbits. 


From these tests, it can be coneluded that gossypol and cottonseed 
meal toxicity cause severe damage tos and hemorrhages in the tissues 
of various organs of the animal body. Young animals are extremely 
Susceptible to such damage, 
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DISCUSSION 


Questions Was vitamin K effective in lowering the blood 
clotting time? 


Answer: Vitomin K lowered the effect slightly. We do not 
think thet vitamin K is involved here. 


Question: Were any other changes noted in the blood? 
Answer: Yess the red blood cell cout was lower. This same 


effect was given by dicumarols, although it was more pronounced than 
for gossypol 
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~ STUDIES ON THE VITAMIN By ACTIVITY OF «ND UNIDENTIFIED NUTRIENTS IN 
| COTTONSEED FLOURS AND MEALS) (UBSPRACEY. 


by 


he M. Hartman* 
Bureau of Dairy Industry 


Using rats as the test animals and growth and survival as criteria, 
two experimental lots of cefatted, deglanded cottonseed flour and nine 
experimental lots of cottcnseed meal prepared unter different, known 
conditicns were all found to be extremely deficient in vitamin Bj2 
activity when fed in the diet at levels that varied from 20 percent to 
86 percent. When supplements cf vitamin Byo thet were fully sufficient 
were fed along with some cf these raticns, thet were adequate in all 
other known nutrients, results were obtained which gave some indication 
that such products may be deficient in some unidentified nutrient(s), 


The results of tests for vitamin in cottonseed meals of 
Series 5, from the Southern Regional Research Laboratory, are shown 
in the table below, 


Six sets of littermate male rats were started in each exveriment. 
Figures in parentheses indicate the number cof. rats, when less than 
six, thet are represented in the average, the remainder having died 
curing the test, 


*Not present at the conference, Abstract read by 4, M. Altschul, 
Southern Regional Research Laboratcry. 
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$ Coétonseed Meal No,, and 
Experiment: Av. 4 weeks weight gain in grams 
__Nog 3: (41) meals are from Series 5 — described in Appendix, pe 68 
: No Byo Fed : Fed 
: : (1 meg./10 ge ration) 
: Casein #1 “Fl “Sat eae e: Casein 
a ys oO Be: 2-466 -.164 167 
: #16 #2 #3 #2 #3 
: 65(4) 69(5 : i 
: #16 Fd : 
Z ‘a 86(4) 64(4) 73(3): 1 16 
: #160 #7 "9° #7 #9 
ory ee 39(5) 42 Al: 88 90 
:(2 weeks : 
: velues, : 
3: tc date ee renee, bi!) Bee 
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PCR GROWING CHICK 7 (ABSTRACT) — 


by 
Je Re Couch 


texas Agricultural Sxperiment Station 


A number of reports have been published during the past few 
monthss describing the use of cottonseed meal as the protein concen- 
trate in broiler rations. In all cases, the supplementation of 
cottonseed meal with vitamins end minerals in a broiler feed resulted 
in a failure of growth. When Di=lysine was added to such a diet, 
growth was improved but was still suboptimume Cottonseed meals of 
low gossypol content (0.02 - 0,03 percent) were used in the sabove- 
mentioned testse | 


Hxperiments conducted at the Texas Agricultural Experiment Station 
nave been of two types. In the first, 25-50 chicks were maintained 
tandard chick batteries with raised screen floorse In the seconds 
O chicks were reared in brooder houses with sund litter, allowing 
«7 of & square foot of floor spxee per birds Straight-run 
w Hampshire chicks were used in most of these tests. 


The besal diet used in these studies was composed of 35 percent 
soybean oil meal, 2 percent steamed bone meal, 1.5 percent limestone 
Or oyster shelly 1/2 percent salt, 5 percent dehydrated alfalfa leaf 
meal, 1/8 percent fortified fish oil (3000A=400D) and 57-7/8 percent 
ground yellow corn. In addition, 2 milligrams of riboflavin and 
5 milligrams of oalcium pantothenate were added per pound of feed, 
as well as 5=10 grams of manganese sulphate per 100 pounds of feed. 


This diet was fed with and without a B12 supplement, and also 
with a supplement containing both By2 and an antibiotic. Concurrently, 
other.groups of chickens were fed the same diet with all of the 
soybean oil meal replaced by cottonseed meals with the latter supple-= 
mented with Dlelysine, and with only one-half of the soybean oil meal 
replaced by cottonseed meal. 


Results obtained to date show that it is not necessary to add an 
animal protein concentrate to the soybean oil meal-corn ration when 
a Byo supplement is fede. On this ration, broilers that weighed 5-1/4 
pounds at 10 weeks of ape were produceds and 33-35 pounds of chicks 
per 100 pounds of feed were obtained. 


When eottonsead meal was substituted for all the soybean oil 
meals very poor growth resultede When the cottonseed meal was 
supplemented with DL-lysine, growth was definitely improved but was 
still somewhat below that obtained with the diet which contained 
55 percent soybean oil meal. Results obtained by substituting 17~1/2 
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percent cottonssed meal for an equivalent amount of soybean oil meal were 
also somewhat poorer than those obtained by feeding the ration 
containing 35 percent soybean oil meal. 


During recent months, semples of cottonseed meal have been 
obtained from the Southern Regional Research Leboratory and from Buckeye 
Cotton Oil Company, Cincinnati, Ohio. Results obtained by feeding 
these specially processed meals indicate that the feeding vélue of 
the cottonseed meal has been improved by processinge 
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IFFERENT COTTONSEED MEALS ON THE GROWEH AND FeeD 
‘ epi 


Y OF NEW HAMPSHIRE CHICKS AT 10 WSEKS OF AGE. 


nn ae 
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i " Grams of feed required 
Supplements to : Avcrace Weight in Grams * to produce grams of 
basal diet ‘ ee si ; gain 
, Cockerels Pullets ; (Feed efficiency) 
None 3 1100.9 : 864el + Sel15 
$ 3 : 
Series 5, Noe 1 : 888.3 : 75164 : 3049 
Series 5. Noe Ll+ 3 1040.0 : SRLS | : 35016 
0.6% DL-lysine : : : 
Serics 53 lloe 14 : 1007.4 3 739.46 : 3059 
Series 5, Noe 14% 3 106442 : 96265 3 eld 
0.4% DL—lysine : e : 
Series 55 Noe 9 : 906.29 : 82149 : 5039 
Series 5, Now OF 3 1074.8 : Sixes 3 Sell 
0,6% DL—lysine : : : 
Special Solvent- : 3 : 
extracted meal : 1027.5 3 880.0 3 3642 
$ : $ 
Special Solvent~ ; : : 
extractod meal : : : 
+ 0.6% DL-lvsine + 109302 : B7Oeo.), 2 S405 
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os HOG FEEDING TESTS “ITH SPECIAL PROCESS COTTONSEED MEALS (.BSTRACE}— 
by 


Fred Halex 
Texas agricultural Experiment Station 


Seven groups of 7 pigs each were fed individually on experimentally 
processed ccttonseed meals, The effect cf adding APF (Lederle No. 5) 
to two of these meals was studied, One group of pigs was fed a ration 
with meat scraps replacing cottonseed meal, 


With one of the cottonseed meal groups, when APF , was added, the 
pigs gained 29,6 pounds more per pig for the 84-day period, an¢ required 
31 pouncs less feed per 100 pounds cf gain, than did the check lot, 
4nother cottonseed meal grcup with APF added gained 29,7 pounds more 
per pig, and required 40.6 pounds less feed per 100 pounds of gain, than 
did pigs in the check lot, 


The pigs getting meat scraps required more feed per pound of gain, 
and did not make any greater gain, than did the APFo ottonseed meal 
fed pigs, 


The results of these tests are summarized in the following tables, 
(The Series 5 meals referred to are described in the Appendix, pe68 )- 
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* Not present at the conference, Paner read by C, M, Lyman 


RATIONS USED IN COTTONSEED MEAL FEEDING TRIALS WITH FATTENING PIGS 
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DISCUSS IOW 


Question (Rusoff): Some of the APF we had contained 5 to 
7 percent proteine Would this protein content affect the results given? 


Answers The quentity of APF fed was such that its protein 
contribution is insignificant. 


Questior (Salmon): What was the initial weight of the pigs used 


oe 8 


in the experiment? 


7 


Answer: About 24 pounds. 


Question (Cunha)s What about previous treatments of these 
ER | Ee 
pigs -= had they been on rations? 


Answers Yes. They were not depleted pigs. We found that it 
wes unnecessary to deplete pigs in order to get the APF effect. 


Question: Is this unknown growth factor you believe to be 
present in cottonseed neccessary to show up the advantage of dried 
whey? 


Answer: I don't lmow at present. Perhaps improved processing 
of cottonseed might allow the factor to be better demonstrated; that 
is, if the factor were present in higher concentrations it would 
show up bettere 


Que stion({Rusoff): Do you think that a low free-gossypol content 
and a high lysineecontent might be responsible for this growth factor 
effect? 


Answer? we checked the free-gossypol content of the meal and 
found it to be 04603 percent. I don't think lysine entered the picture 


because lysine was at the 1 percent level wnich exceeds the chick 
requirement... 


Question (Horn): Did you include a deglanded meal like the 
ee ES AS 
standard meal used in my tests? 


Answers Now Se. Re Re Le didn't have a sufficient quantity 
available at the time the tests were startede 
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“A THE USE OF DETOXIFIED COTTONSEED MEAL AS A PROTEIN SUPPLEMEN 


FOR GROWING PIGS/ (ABSPRACT)}- 
by 


E. Le Stephenson 
University of Arkansas 


An experiment was designed to study the effect of feeding different 
cottonseed meals to weaned pigse The cottonseed meal was fed at a 
level calculated to supply the total supplementary protein needed. An 
additional 6 percent of fish meal was added to compensate for samino 
acid or APF deficiencicse 


Of the three meals studied, two were very toxic. The pigs re- 
ceiving them died between four ond six weeks after being placed on 
the experimental diets. The other meal, (Series 1, No. 8) an experi- 
mental product obtained from the Southern Regional Research Laboratory 
(see Appendixy pe 67) was non-toxic, even when fed at levels as high 
as 43 percent of the total dicte 


In another test the experimental, non-toxic meal was studied to 
determine whether amino acid or APF supplementation would improve ite 
The results of this study indicated that lysine would improve the meals 
but methionine and APF were of little or no supplementary value. 


KK 
(THE USE OF DETOXIFIED COTTONSEED MEAL AS A PROTEIN SUPPLEMENT 
: FOR LAYING HENS“? (ABSTRACT)— 


by 


Be Le Stephenson 
University of Arkansas 


White Leghorn henss divided at random into three groups of fifteen 
hens eachs were placed on experimental diets as follows: All hens re= 
ceived an all-vegetable diets only variable being the source of proteins 
The protcin supplements were as follows: 


Group 1 - 4n experimental cottonseed meal, expeller process 
(Southern Regional Research Laboratory Series ls 
Noe 8, described in Appendix, p.67 


Group 2 = 4 commercial cottonseed meal, solvent process 


Group 3 = A commercial soybean meal, solvent process 
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The eggs produced by these hens were collected daily and placed 
in storage at a temperature of 40°F, Twenty eggs from each group 
were broken at monthly intervals, and cxeminations made of the yolk 
and albumin colore 


After the third month of storage, ell eggs from the hens in 
Group ¢ had live-colored yolks and pink albumine After six months 
of stortiges, at which time the experiment was ended, there was no 
discoloration of cither the yolk or albumin of cges from Groups 1 
and Se From these data, it appears that the experimental cotton- 
seed meal might have commercial value for feeding laying hens. 


eK 


DISCUSSION 


Question (Lyman): What was the freo-gossypol content of 
cottonsecd mccal Noe 8 used in these experiments? 


Answors It was 0.003 percent. 


Question (Upp): Were the eggs used in your studics held at 
40°F, to accolorate the rate of discoloration? 


“ns wor $ NOe 


Question (Kuikon)s What was the froe-gossypol content of 


the two comnorcial meals? 


Answer: On the solventeextracted meal it was 0.10 percent 
and on the hydraulic-pressed meal 0.06 percente 
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Y PRELIMINARY OBSERV/.TIONS ON SUPPLEVENTING = 
V..RIOUS CORN-COTTONSEED MEAL RATIONS’ (ABSTRKCT) 


by 


Te Je Cunha 
Florida Agricultural Experiment Station 


Four different cottonseed meals were compared in feeding value for 
growing-fattening pigs (Duroc and Hampshire) fed in dry lot, 411 
rations contained corn, vitamins A and D, minerals (including trace 
minerals) and cottonseed meal to bring them to approximately 19 percent 
total protein, The pigs (4 pigs in each lot) weighed about 25 pounds 
when started on these trials, 


Follgwing are the rations fed and some of the results obtained 
during a period of nine weeks: 


Percent, ivge Daily Feed per Grams of 
Lot Cottonseed free daily feed 100 1bs, free gossypol 
Noe oo meal gossypol gain intake gain eaten daily 
1 Commercial solvent—extracted .063 0,26 2025 3= 865 0.22 
2 Commercial hydraulic-press e098 §=6—0.50 2634: b08 0.36 
3 Commercial screw—press 2075 0420 43654 625 0,20 
4, Southern Lab, expeller s02h 0685 2078 8 8=—335 0.10 
5 Lot 4 +7 Bevitemins 0-66 ripe Renee 0.09 
6 Lot 4 + 7 Bvit, + lysine 0.62 2023 ©=— 360 0.08 
7 Lot 4 + 7 Bevit. + lysine + 
methionine 0.68 Zed?t 349 0.09 
8 Lot 4 + 7 Bvit. + lysine + 
methionine + “PF se Be fea 333 0.15 
9 Commercial hydraulic-press + 
high level of vit. A and By O42 1.80 428 0,27 


Very poor results were obtained with the commercial solvent—extracted 
and the commercial screw—press cottonseed meals, In spite of the fact 
that the commercial hydreulic—press meal was higher in free gossypol 
(Lot 2) and the pigs ate more of that ration (thus consuming more free 
gossypol), the pigs still gained faster and were considerably more 
efficient in feed utilization than the pigs fed the lower gossypol meals 
in Lots 1 and 3 (commercial solvent—extracted and commercial screw—press) » 
This tends to indicate that the differences obtained were most likely not 
due to the free gossypol content, but possibly to differences in protein 
quality or availability which mey have been brought about by the different 
processing methods, The U, S, Southern Laboratory expeller cottonseed 
meal (Series 5, Nos, 6 and 7, described in ippendix, p. 68) gave the best 
results in rate and efficiency of gain as well as in appearance and 
condition of the animals. 


The addition of seven B-complex vitamins to the Southern Laboratory 
meal caused a decrease in feed consumption, rate of gain, and efficiency 
of feed utilization, This may have been due to some imbalance, The 
addition of lysine alone and of lysine plus methionine was of no benefit 
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in stimulating grovth under the conditions fed. The addition of the 
Lederle aurgomycin APF supplement in Lot & caused a considerable in~ 
crease in the rateof gain and a small increase in «fficiency of feed 
utilization, In Lot 9 the addition of a very high level of vitamin A 
(50,000 I,U, daily) and thiamine (10 grams per 100 pounds of fced) 
was of no benefit in increasing rate of gain or in preventing deaths 
due to gossypol poisoning, 


Three pigs were dead in lot 2 by the 55th day: three pigs dicd 
in lot 3 by the 46th day: and two pigs were dead in lot 9 by the 55th 
day. In spite of the fact that tho pigs in Iot 3 (commercial screw 
press meal) wore consuming only about one-half as much free gossypol 
as those in Iot 2 (commercial hydraulic-press meal), they died about 
one week earlicr in cach case, Again, this raises the question as to 
whether free gossypol alone was responsible for the deaths, 


In Lot 5, where the seven B-vitamins were added, the Duroc pigs 
developed a lighter color, «ss the hair faded to a light yellow, grey 
hair also started to appear and, in one case, a pig developed almost 
all grey hair. This same effect in hair coat color (fading and grey 
hair) occurred in Lots 6 end 7e This means that lysine did not prevent 
the fading hair coat color, However, in Lot 8, where the Lederle APF 
was fed, there was no fading of hair coat color, The hair remained 
bright red, as is characteristic of Duroc pigs, Thus, it seemed that 
the sPF prevented a fading in hair coat color which was accentuated 
by adding the seven B-evitamins to the ration, (InLot 4, where the 
seven B-vitamins were not fec, the fading of hair coat color was only 
slight). 


HMR 


DISCUSSION 


Question (Dyer): Was the response to APF due to the antibiotic 
or to the B-vitamins? 


Answers To a combinetion of both, 
Question (Rusoff): What do you think ebout Bevitamin effects? 


answers The 7 vitamins added to the cottonseed meal probably 
caused an imbalance which would not occur with corn or soybean meal. 


Question (Rusoff): Dr. Stephenson noted e mangy condition in 
the hogs he used, 


Answer (Stephenson): No bleaching-of the haiz coat of Duroc 
pigs was apparent, 


Question (Holley): Was skin dermatitis noticed when solvent— 


extracted meal was fed? 
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Answers Yes, Dermatitis was worse on pigs receiving solvent— 
extracted cottonseed meal, but was also present on pigs receiving all 
of the other meals except the one from the Southern Regional Laboratory. 
Addition of B-vitamins did not prevent it, 


(Holley said the late Dr, Sewell had attributed such a mangy 
condition to residual hydrocerbons in the meal fed, A question was 
raised as to whether the addition of alfalfa meal to solvent—extracted 
meal would correct skin coat bleaching, H. D. Fincher said the presence 
of alfalfa meal in the ration had been found to prevent bleaching.) 


Question (Singletary): Was the condition of the tongue noted 


in the test pigs? 


inswer: Yes. We fed vitamin 4 capsules every week and the pigs 
had black tongues a week before the mangy skin condition appeared, 


(Dr. Singletary said that he had produced such skin eruptions and 
ulcerated tongues by feeding rice bran anc shrimp meal but when meat 
Scraps were substituted the condition cleared up. Dr, Cunha pointed 
out that hydreaulic-pressed peanut mezl causes similar skin conditions.) 


Question (Fincher): Did 4PF help the mangy condition? 


inswer: No, The pigs were too far gone to be benefited by APF. 
We found thiamin in the tissues of the animals, The addition of 
thiamin to the ration had no effect,. 


(Fincher said that as 4 rule, commercial cottonseed meals are 
usually higher in vitamin By, than most other concentrates.) 

Alderks: In certain of our tests Duroc pigs receiving a low free- 
gossypol hexane—extracted meal were losing weight rapidly and had a 
mangy skin condition, We switched to another solvent—extrected meal 
and the pigs grew a new normal coat of hair and gained weight repidly. 
No other dietary supplement was used. Both of these were experimental 
meals, procuced in the same pilot plant, 


Stephenson: Even the addition of herring meal to the diet of mangy 
Duroc pigs did not aid the skin condition in our tests, 


Question (Fincher): Is there any relation between this bleaching 
in pigs an’ that noted by Dr, Davis in cattle on minerel—deficient 
areas in Florida? 


Answers I don't think it is the same, We added 5 times the recom 
mended amounts of minerals, It is possible that iron is involved, 
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Rusoff: Bleaching might be due to copper deficiency. Several 
years ago we énalyzed meny types of cottonseed meals and found wide 
verliations in copper content, 


Cunhas We included copper in the ration, Maybe it was inadequate 
in amount, 


Eilis: Even though a supplement of 7 B-vitamins is added, the 
dlet mey be ceficient in pantothenic acic., Sometimes spraying with 
benzene hexschloride, I suggest that not too much significence be 
attachea to skin coat condition, 


Horn: The work of my associate, Dr. Womack, showed that all of 
the rats fed on Series 5 meals turned grey, 


Question (Yatts): Does the addition of Lederle APF with the 
7 Bevitemins help? 


answers Where APF was used, the addition of the Bevitamins had 
no effect. 


Dyer: We noted that crystalline vitamin B,, partially relieved 
bad skin ccndition, The results were the same whether the Merck product 
or some other was used, 


Question (Roos): There are wide differences of opinion on the 
effect of using APF and vitamins, J wonder if some of the gains in 
weight reported might not be cue to differences in feed intake? 

The sPF induces remarkable gains but I think that e general diseased 
condition of hogs shculd receive more attention, 


Answers In some cases there was a two-fold increase in feed 
intake, However, on high-gossypcel cottonseed meals APF sometimes 
induced weight gains cof 10 tc 75 percent. 


Singletary: “le fed an animal protein supplement and still got 
amangy condition. We alsc fed cottonseed meal at the 16 percent 
level and with 1 percent ferrous sulfate in an all-vegetable protein 
supplement, and the pigs gained normally without sh-wing a mangy com 
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| IMPROVING COTTONSEED MEAL AS A PROTEIN SUPPLEMENT FOR 


SWINE’ (ABSTRACT)—— 
by 


Ee R. Barrich 
North Carolina Agricultural Experiment Station 


The effects of supplementing commercial hydraulic=-processed 
cottonseed meal with iron salts and APF concentrate (supplied by 
Lederle Laboratories Division, American Cyanamid Company through 
the courtesy of Dre T. H. Jukes.) were investigated in a feeding 
trial using pigs having an average initial weight of 48 pounds. 


The besal ration consisted of corny, cottonsecd meal, alfalfa 
meal end added minerals and riboflavine Tho control diet containod 
«& mixed protcin supplement of mcat scraps, soybean meals ond cotton- 
sced meal in licu of the cottonseed ncal of the test dicte The 
dicts feds thc respective responses in terms of daily gain in 
pounds, and in the amount of feed consumed per 100 pounds of gains 
during a léeweck poriod were as follows: 

Feed Consumed per 


Dict Daily Gain 100 lbs. of gain 

lbse 1bSe 

Basal 0224 1128 

Basal plus FcSO, O91 515 

Basal plus APF High mortality rate makes data unsuitable 

for comparison 
Basal plus FoSO, and APF 1,22 381 
Control dict 1458 378 


The results show that addition of iron salts to the basal dict 
prevented symptons of gossypol toxicity ond improved the growth 
rate of the pigse The APF concentrate, when fed with iron salts, 
gave an added growth response; but when fed without iron salts re- 
sulted in carlicr symptoms of toxicity and in higher mortality 
than when no aPF was fode 


4K 
DISCUSSION 
Que stion (Rusoff): What was the difference in feed consumption 
when the two comnercial meals were used? 


Answers Feed consumption was apprasimtely the same. 


Question (Cunha): Didn't you say that APF improved appetite only 
when iron was added to the diet? 


Answor? Yhat is correcte 
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Question (Hoywang): What was the gossypol eomtent cf the dict 
to which ferrous sulfute was addcd? 


answers It had 0.12 porcent free gossypol. 


Heywangs ~Even if iron renders gossypol non-toxic it would not 
be practical to add iron to the diet because it forecs hens out of 
production and might effect reproduction in swince 
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/ THE EFFECT OF PROCESSING VARIABLES ON THE AVAILABILITY OF TH 
ESSENTInL saMINO ACIDS IN COTTONSEED MEAL Y (ABS ERACT] 


by 


Ke. Ae Kuiken 
Texas Agricultural Expcriment Station 


The availability of the ossential amino acids in cottonseed 
meal was studiod by a technique which involved fseding rats and 
determining the omount of the amino acid consumed and the omount 
excreted by way of the fecese 


In proliminary studies of this typos it wus observed that the 
availability of the cossential smino acids in a commercial sample of 
cottonseed flour (Proflo) and in a typicol hydraulic meal varicd 
greotly. «although 95 porcont of the arginine in theso semples was 
ovailablc to the animals, only 65 porcent of the lysine ond methionine 
was availabloe Subsequent experiments wore curricd out in an attempt 
to determine what processing factors might influcnee tho availability 
of thesc omino acids. 


The following observations were made’ 


(1) The essential amino acids in raw cottonseed globulin are 
completely available. 


(2) u«mino acid availabilities above 90 percent were obtained 
with a solvent-extracted product of low gossypol content 
that had been prepared without heat. The availabilities 
of the amino acids in this product were not altered 
seriously by heat treatments ranging in severity to on 
extreme of autoclaving at 15 pounds pressure for one 
hour (about 250°F). 


(3) The addition of 0.1 percent gossypols as the pure compound 
or the cquivelent amount of pigment glonds, did not re- 
duce amino acid availabilities appreciably even though 
mild hoat treatment was used to cffect binding of the 
gossypole 
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(4) A row hexane extracted product containing 1.2 percent free 
gossypol was found to have an arginine availability of 
96 percent and a lysine availability of 84 percent. Valuas 
for other omino acids were within these extremos. Steaming 
for 30 minutes or autoclaving for 10 minutes reduccd lysine 
availability to 80 percent. 


(5) Secrow press moals numbers ls, 9,5 and o combination of 
5 plus 14, of the Serios 5 products (described in 
Appondixs pe 68) distributed by the Southorn Rogional Re- 
Search Laboratorys were also tested. These products wero 
found to be very similar. Lysine availabilitics wore 
75, 78 and 79 percent, respectively; values for ol] other 
omino ccids wero highcr. A samplo of isopropanol ox- 
tracted meal was found to bo essontially idontical with 
these Scrics 5 moals. 


Work is underway on evaluating the cffoct of heating cottonseod 
moal in the presence of cottonseed oil. 


ate ok ae 
DISCUSSION 


Question (Rusoff): Could you commercially treat cottonseed 
meals with soluble iron salts to tie up the gossypol? 


Answer (Alderks): It would be difficult to sell such treated 
meals andy therefore, would be impracticale 


Question (Rusoff): Does gossypol become tied up with anything 
besides omino acids, such us minerals or other substances? 


Answer (Markley) Yose Gossypol might react with carbo- 


hydrates or with any other substance capable of reacting with 
phenolic compounds e 
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~“ FUTURE PROGRAM OF RESEARCH ON COTTONSEED MEAL 
by 
Ae M Altschul 


Southern Regional Research Laboratory 


I would like to discuss the work on cottonseed meal under three 
headings -- nutrition, fundamental research, and processing researche 
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I would like to ask what we knows “what don't we know, ond what are we 
doing about it in respect to those subjocts. 


Nutritional rescarch 


Let us take nutritional research firste I think that the first 
point clear from tho reports made the last two deys is’that cotton- 
seed meal is a variable material from the point of view of nutrition, 
In doing nutritional rescarch with cottonsced meal one should bo 
especially carcful to identify his results with the perticuler meal 
studied, Another point that is quite clear is th:t a number of 
cottonseed meals which have good nutritive value and low toxicity 
have been produced in commercial mills. The third point is that 
cottonsced meal docs not contain unimal protein factors and that, 
generally spncakings supplementation with ono or another source of APF 
enhances its growth-promoting a bilitye 


There aro also a few things we don't Imowe The first is tho 
relationship of gossypol to tho nutritive valuc of cottonseed meale 
I think wo can make this kind of a conservativo statement: it has 
been found that mools with « froc gossypol content of less than 0,03 
percent, as detcrmined by ths methods developed at the Southern 
Regional Rescarch Laboratorys scom to bo non-toxic when fed to hogs 
in large quantitics -- up to 45 percent in some of the cxpcriments; 
ond nonetozic to chicks when fcd up to 7% percent of the dicte Does 
that mcan wo cannot go above 0.03 peresnt? Is 004 percent toxic? 

at is the limit of toxicity for hogs and chickens? We don't knows 
Nor do wo know whother or not tho improved cottonsecd meal is a 
better feed for ruminants than tho ordinary commercial producte 


What is the best possible nutritional value that cottonseed meal 
can attain? Let us forget for the moment the practicalities of the 
problem ond find out what is the upper limit. 


In this laboratory we have taken a hexane-extracted cottonseed 
meal prepared under conditions of minimum heat. Thet meal, of 
courses contained all of the gossypol in a free forme That meal 
was extracted a second time with mothyl-ethyl-ketone (mind yous we 
weren't interested in knowing whether this was a practical procedure 
or not -- we were simply interested to Imow whether we could get a 
meal of minimum heat denaturation and minimum free gossypol content.) 
The free gossypol content of the resulting meal was less than 04202 
percente The protein had undergone very little denaturation and 
the thiamin valuc was about 35 parts per million; we had reason to 
believe that this was o nearly raw moale 


That is tho mool Dre Horn referred to yesterday as the standard 
for Serics 5e Tho University of Arkonsas is testing some of it ad 
I think their results will indicate the top-limit possibilities of 
cottonsecd meal as a foodstuff. It would be intcresting to know how 
meals proparod by other mothods, particularly isopropanol extractions 
compare to this moal. 
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In considcring moterials which may interfere with the nutritive 
value of cottonsced meals, a few things have beon clarifieds some 
previously, and some at this meetinge It has been shown by 
Dro Charlotte Boxtnor and her associatca that pigment glands are 
toxics but there is some question about the toxicity of gossypole 
There is evidence thet chronic doses of gossypol are toxic, but in 
tests of acute toxicity pigment glands have boen found to be much 
more toxic thon gossypol -= something like double. 


That indicated two possibilities: (1) in pigment glonds thero 
is anothcor material more toxic than gossypols or (2) gossypol is 
associated in tho pigmont glands with some other material which in- 
creases its toxicity by changing its physical properties. We havo 
evidences at loast by implication, that the reason pigment glands 
are more toxic in tho acute dosage than gossypol is that the 
gossypol may be associated with carbohydrate in the pigment glands. 
f&. product made by combining gossypol and dextrose has been found 
equally as toxic as pignent glands in rat focding tests. On the 
other hands gossypol combined with glycine was compbtely non-toxic. 


The effect of gossypol on ogg color is a very important subject 
if cottonsced meal is to be used in poultry feedse Tests reported 
at this meeting have shown that egg yolk discoloration can be pro- 
duced by adding gossypol to the diet of laying hens, but it has also 
been showm that a cottonseed meal which does not cause egg yolk dis- 
coloration can be producede 


Meals having a free gossypol content of 0.01 percent or lower 
apparently will not cause egg yolk discoloratione We don't know 
how much higher we can go, if at alle That's another very important 
point that has to be settlede 


Fundemental research 


Now I'd like to raise a few fundamental questions. The first cone 
cerns the cffoct of cooking cottonseed meatse I think it has been 
well established in many leboratories that if eottonsced meats aro 
properly cooked, prefcrably in © moist condition and with adequato 
stirrings thc moals are completely detoxificde Thus, if we were simply 
measuring toxicitys we could say that cottonsced meals can be detoxi- 
fied by wet cooking. Also, there are cortain definite advantages to 
cooking cottonsced incats prior to putting them through aon expeller 
or a scrow pressy or prior to hydraulic pressing. That iss the 
cooking cxcrts a beneficial influence on tho further behavior of the 
meats in tho prcesSe 


On the othor hand, there scoms to be cvidenco that cooking does 
not improve the properties of the oils; that probably higher tem- 
peratures of cooking, result in greater refining losses and more 
intense colors in the oil. I think we can also safely say, from the 
results of experiments reported at this meeting, that cooking does 
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not improve the protein value of cottonsocd mealse I think it is 
rother clear that cottonsecd protein is tho type that doesn't require 
heating to improve its nutritive value. Furthormore, the evidence 

of feeding tests is that higher temperatures of cooking of meats 

give meals with lower protein valuce 


I belicvos thon, that we can summarize tho effect of cooking by 
saying that if is possiblo to detoxify cottonscod meal and to improve 
press operations by cooking, but cooking probably does the oil no 
goods and certainly does the protein of the meal no go0de 


Just what is tho effect of heat on the protein? I think that 
the ovidonco given at this mocting indicates that heat ean actually 
destroy tho cmino acids of cottonsced protecine This is Significant 
because the valuo of protcin as a foedstuff lies in the fact that 
it is & sourco of omino acidse Besides actually destroying ccrtain 
of the amino acids, it seoms olear that heat reducos the availability 
of amino acids to the animals. Thot is, the amounts of amino acids 
in tho proteins which ero actually released by the digestive enzymes 
and made available to tho animal by digestion or absorption and body 
processes are roducede 


ivGilability of the omino acids in cottonseed protcin has been 
measured. in two ways: by using an artificial stomachs so to speak, 
where the meals are subjected to isolated onzymess and by actually 
using the rat as the digestive systom and finding out exactly what 
happened. 


Bosides the cffcct on amino acids, investigations huve shown that 
there is actually a change in the numbor of protein components of the 
modal on cooking -= that is, a profound chamgo in the proteins themsclvose 


Why should cooking destroy the protein content of cottonsced meal? 

The answor is & guosse When proteins are heated in the presence af 
other matcriclss particularly carbohydrato matericls, a reaction, 

loosely termed the "Browning reaction," takes place which serves oither 
to destroy the amino acids or make them unavailable. Cottonsced meals 
contain carbohydrato materials, and it is quite possible that a similar 
mochanism is rosponsible for destruction of protein material during 
cookinge 


Can wo moasure the destruction of protcin in a laboratory? Obviously 
the best mcasuromont is the feeding tost, but this takes o long timo 
and is expensivoe A laboratory measurement introduced by Dr. Paul Cannon 
has becn to doplote rats of proteins and then determine in a vory rapid 
mannor =-« in o& pcriod of ten days -= the rate of build-up of blood 
proteinse That is the closest thing to a leboratory method now available. 

At the Southom Laboratory we have triod testing for the "Browning 
reaction" but wo cannot say that this mothod, is applicable. Wo don't 
intend to leave it out of our considerations, howevere We hope to 
investigate it againe 
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It has bocn suggested that wo use the cffect of heut on the 
thiamin in the meal to indicate tho extent of protein destructions 
and we are giving this method our greatest attontion. Let us clarify 
one pointsthough. It's entirely possible that thiamin itself, as 
& vitamins exerts a profound effect on the nutritive value of cotton- 
seed meale At the moment, howevers we are considering thiamin merely 
as a coincidental measure of the heat denaturation of the protein. 
It so happens that when the meal is heated and the nutritional value 
of the protein is reduced, the thiamin content also decreasese Wo 
are hoping that this coincidence is so close that one may use thiamin 
content as a measure of heut damuge to the protcine 


Now let us review fundamental work on dotoxification. What is 
the mechanism of detoxification of cottonsced meal? Evidently, for 
meals to be detoxified, all of the pigment glands have to be brokone 
Whenever you have a meal with no evidence of toxicity, you cannot 
find any intact pigmont glands. 


How does one rupture pigment glands? The obvious way of doing 
it, and the way that has been most widely practicoc,. has been to 
cook tho moalsy ctce Wet-cooking of meolss which is a common 
practice sorves the purpose of rupturing the pigment glands. 


But there aro cther meanse We bolicve that it is possible to 
destroy pigment glands by applying shear to ths materiale Straight, 
direct pressure docs not heve as profound an influence on the structure 
of pigment glands as does sheare Wo came to that conclusion when we 
noticed a fundemental difference between hydraulic-press operations 
and screw=-press operations, and were unable to attribute the difference 
to cookinge It appeared that the significant difference between screw= 
press and hydraulic-press operations was the torsional pressure to 
which the meal is subjected as it goes through the screw presse Place 
some pigment glands between two microscope slides and press on theme 
You can press pretty hard and they do not break -- and then just mb 
them, and with hardly any pressure they will rupturee 


Another method of rupturing pignent glands is by means of solventse. 
Many investigators havo found that certain polar solvents, solvents 
which contain traces or larger quantities of water, are capeble of 
bursting pigmont glandse 


Procossing rosearch 
Se re ae ee oe 


I think it is clear that the screw pross detoxifices cottonseed 
moal without ony trouble, and it has definitely been established that 
highly nutritive meals can be prepared by the screw-press mothode 
We must now decide whether or not we con give out specifications on 
how to make screw-press meal that will have high nutritive valucée 
Obviouslys wo cannot give complote specifications, but I think we can 
give tentative ones based on the results to date. Such specifications 
may be revised later. I want to make the suggestion that a screw-press 
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meals in order to have high nutritive valucy, mect three qualifications: 


(1) It should have a free gossypol content of 0.03percent or 
lowor as detcrmined by the Southcrn Regional Laboratory 
methods. That may be revised to 0.04, depending on future 
experiments, but to be conservative I think ono should 

y 0,03 percent. 


(2) The meal should not be cooked at a tomperature excoeding 
200°F. There is some evidence that moals made at 160°F, 
arc supcrior to those made at 200°F., but I think that 
anything under 200°F. would certainly be much better tha 
anything on the market todaye 


(3) The meals should have at loast l2parts por million of 
thiamine Until oa better me enane is devised, we can use 
thiamin content as a guide to tho pressures to be applicd 
in processing the moal,. -Commorcicl meals thot have bocen 
cooked at higher tomperaturos and put through tho press 
at high pressure have vitamin contents ranging from about 
4 to 7 parts of thicmin per millione The oxperimental 
meals of Serics 5 have thiamin valucs ranging from 12 parts 
per million ond upe 


Wheat docs all this do to the oil? In our preliminary experinonts 
it would have boon very difficult to get a reprosentative sample of 
the oile You can get a pretty good sumple of the moal, but when you 
try to take a roprcsontative sample of the oil it is pretty difficult. 
We have made arrangements with scvoral of our cooperators to run thoir 
milis under the specified conditions that I have just listedsy ond to 
collect oil samoles for comparison with oils from their regular pro- 
ductione Whon this is done we will have aon accurate picture of the 
effect of these rovised processing conditions and properties of the 
Oilse 


Just bocaousc the screw press is casior to work with doesn't 
mean that we can noglect the hydraulic press in our studies. It is 
out opinion that until all of the cottonsced meal produced has the 
highest possiblo nutritive value, the industry and the producers 
will not derive maximum bonefit. Hore's what we're doing in the 
laboratory in that respecte It gocs back to tho differenco between 
hydroulicepross and screw=press opcrationse It is our foeling that 
somchow in the course of the hydraulicepress operation, sheer should 
be introducod into the processing oporation -= perhaps in the rolls, 
porhaps in somo intermediary equipmente Pcrhaps moro shecring can 
be introduced in the stirring of the cookcr. It may be possible in 
this way to broak the pigment gland and, thereforc, make it unnecessary 
to subject hydraulic-pressed meals to such high temperature cooking 
conditions as aro now uscde 


As to solvont oxtraction, I believe that this method will take 
firm hold in tho cottonseed industry only when it has been definitely 
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proven that the products produced are equals or superior, to the 
products produced by other meanse There scerms to be every evidence 
that solvontsoxtracted oil is equals, if not Superior, to other oils. 
But how cbout the mcals? In general, they neod improvement , 
especially as to frocegossypol contents, before they aro suitable for 
non-=runinantse 3 


Consideration should be given to more effective use of prepressing 
as a means of rupturing pigmont glands. At the present time little 
advantage is taken of preprossing to reducc the froec-gossypol content 
of the meale Further rescarch is necessary on prepressing from the 
point of view of tho nutritive valuc of the moale 


Some of tho work on mechaniccl rupture of pigment glands dosigned 
to improve the hydraulic press moal may also be applicable to solvont 
extraction os woll, 


By uso of two successive cxtrebtions, one with hexenco to renovo 
the oil and tho other with methyl othyl ketone to romove the gossypol, 
we have produced a meal that has superior nutritive value. The uso 
of successive or mixed solvents should be given careful consideration. 


The worl being done at this laboratory and tho rosearch underway 
in industrial firms gives rise to optinisn that ways will be found 
to produce meals by solvent extroction which will have high nutritive 
valuce 


Surmary 


The outstanding thing that has come out of this meeting is that 
there is indcecd a type of cottonseed meal which has high nutritivo 
value for non-rwiinantse I think that ovory Experiment Station in tho 
country ought tio get samples of this cottonseed meal for testing. 

And I think that industry should get as many of its members as possible 
to produce meals under the require conditions for obtaining improved 
products, and then encourage people to try theme 


The cooperation of the cottonssed industry, of Mr. Ward and 
the Educational Service of NCPA, and of the nutritionists in both 
Government and State Laboratories has resulted in grost progress 
ina short periods Continuetion of this joint effort will certainly 
meet with successe 


ly. 
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ROUND TABLE DISCUSSION 


Heywang: Is meal containing 0,013 percent gossypol considered 
to be non-toxic, say in regard to e yolk discoloration? 
9 Soy 


_ltschul: On the basis of experiments reported by Dr. Stephenson, 
meals with a free-gossypol ecntent of 0.01 percent do not affect eggs 
in storage. For grewing chicks, the evidence seens tc be that meels 
with less than 0,03 percent are non-toxic, 


Heywengs; ‘couldn't it be better to express toxic levels in terms 
of gossypol fed in the diet rather than gossypcl content of the meal? 


Altschul: From the point cf view of the cottcnseed processing 
industry, it is prefersble thet standards of toxicity be besed on the 
free-gcssypol content cf the mcel., This is a basis over which they may 
have some control, 


Heywangs The free-gossypcel content can go to 0,04 percent in 
the case cf chicks, wt I dcn't believe you can gc above 0,008 gossypol 
in feeding laying hens without having discoloration in the eggs, 

Lyman: The effects of gossypol toxicity in chickens should not 
be confused with its effect on hogs, as hogs are by fer more sensitive 
tc gossypol, Sven in the cesecf hogs there was no demonstrable toxicity 
in continuous feeding st the level of 0.03 percent gossypol, However, 
i feel sure that as the free -gossypcl ccntent is reduced below 0503; 
increased growth retes will be cbteined, This was illustrated by data 
given this morning. Meals which had 0,02 percent gossypol gave better 
growth than meals which had 0,027 percent gossyp%l in spite of the fact 
that they contained less soluble protein, Isoprepancl meal which had 
0.01 percent gossypol gave even better growth rates, Sc, while 0,03 
percent gossyp:l dees mot produce toxic results, going to lower values 
generally results in imprcved growth rates, 


Dhurber: The Laboratory at present is preparing meals cf known 
gossypol content which will be available for nutritional testing, 
Quantities of meal available are acequate for chick testing, end as the 
results of these experiments beecnme available larger quantities will be 
prepared for use in hog feeding trials, 


Kuiken:; How will these meals be prepared? 


Thurber: We will be glad to have suggestions, In all probability 
the meals will be prepared by blending cottonseed meals of different 
known gossypol contents so as to attain the desired gossypol level, 
Other suggestions on methods of preparation will be appreciated, 


Lyman: I am not sure that hydraulic meal having 0,03 percent 
gossypol would give the same result es a solvent-extracted meal having 
the same gossypol content, This may be due to loosely bound gossypol. 
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Sherman: How long will it be before all cottonseed meals will 
be as high in quality as the experimental meals described in the 
conference? From the standpoint of my company — the Ralston-Purina 
Company — this has great importance, As a feed manufacturer it is 
to our interest to have a uniformly high quality product so that it 
Will not be necessary tc take cottonseed meal from one bin for use in 
poultry and swine rations, and from ancther bin fcr use in cattle feed, 

here is always the possibility that the feed mixer may become con- 
fused and costly errors result. also we are interested in learning 
whether there is any information on variations in cottonseed meals 
from different sections of the country, 


Altschul; This letter point is being investigated, 


Ward: Dr. Markley, what is your opinion es to the effect of 
low temperature processing on the quality of cottonseed oil? 


Markley: At present we are not in a position to know, but in all 
probability these conditions will be less drastic on the oil, 


Ward: Thet is elso the impression Dr, Altschul gave, 


Altschul: I have seen reports of solvent—extracted oil extracted 
at low tenmperstures where there has been hardly any heat treatment at 
all, and these oils hac very low refining losses, I wonder if some of 
the solvent extraction pecple here might not want to offer an opinion 
on the effect cf low temperature on the refining lcss of the oil, 


filcerks; inline with Dr, Markley's remarks, the lower the temp— 
erature ani the less exposure to atmospheric conditions, the better 
the coil will be, I think you have a gcod chance of dcing this with 
screw-press operations previding you de not run more pigmented material 
and other things which would give a higher refining loss, Results 
should be obtained over more then one season since it is more difficult 
to remove the gossypol one yesr than in another, also it is easier to 
remove gcessypcl from older seed than from freshly harvested seed. All 
in all, there are a great number of factcrs which must be considered, 


Mays: What is the effect of cooking on refining loss of hydraulic— 
pressed oils? | 


Alcerks: Most hydraulic mills process to give a low refining loss 
oll, However, what mey apply to one mill may not apply to another 
100 miles away, To some extent the refining of hydraulic oils is still 
én art and one must gain experience in order to obtain cptimum results. 
What you want to do in hydraulic processing is to process at the lowest 
temperature to give the lowest residual cil ecntent in the meal and the 
lowest possible refining loss in the cil, 
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Ward: ‘what is your opinion, Mr. Keller? You operate screw 
presses utilizing water—cooled jackets, 


Keller: The water temperature of the barrel reaches approximately 
140° F., and that of the screw approximately 110° F, These are water 
temperatures, and we are not prepared to say that the cake temperature 
is the same. ‘there is no doubt but that there is some cake cooling, but 
the exact extend of this cooling is not known, 


Blacks: In connection with oil quality, there is more end more 
pressure on the refiner to produce lighter and lighter oils, Your 
processind conditions will have to be governed to some extent by what 
will give oils that will bleach to the lightest possible color, 


Fincher: We use a slightly different process for refining 
solvent—extracted oil than that used by Mr. Alderk's company, They 
probably get lower refining losses, In our experience cottonseed oils 
having 0,6 to 0.7 percent free fatty acids have refining losses of 
slightly less than 3 percent. On hydraulic operations this is not the 
general thing. As a generel rule, it is found that expeller cottonseed 
oils run higher in refining losses, In all probability, this is due to 
the larger quantities of phosvho-lipid material extracted, and I believe 
that this high concentration of phospho-lipid material is due to the 
way the material is cooked and the fect that it is dry when pressed, 
The ouality of screw-pressed oils could possibly be improved by doing 
some work on the cooking operation. 


Newby: At the present time we are discussing quality of the oil, 
which is a little different problem from that of meal quality, but since 
both are products of the same processing, it is difficult to separate 
the two, We have been concerned with improving the nutritional auality 
of the meel, which is very importent. However, the quality of the oil 
may be of greater importance economically, as 2 great deal of profit from 
é ton of oe¢d comes from the oil, Some of the conversation at this meet— 
ing has seemed to indicate that a general conversion of the cottonseed 
oil industry to screw-press operation would be desirable, If the screw 
press operation would yield « better cuelity oil than thst produced by 
the hydraulic press, such a shift might be desirable, Generally, how-— 
ever, hydraulic-pressed oils are of higher quality, At the present 
time, in the fece of considerable competition by soybean oil, cotton- 
seed oil holds a favorable position in regard to salad oils and some 
shortenings because of its excellent bleachability, Expeller oil does 
not, in general, equal hydreulic oil in bleachability, If there 
is a general conversion to expeller processing, there will be more 
trouble from this source, and in general the oil will not be of as high 
quélity as oil which is predominantly hydraulic-pressed, If the re— 
fining loss is higher this cannot be adjusted by an adjustment in prices 
but if the bleachability is not there the product cannot be used 
for the production of a high quality shortening or salad oil, As long 
es the amount of expeller oil is, as at the present time, only a small 
portion of the total production, it can be blended with the higher 
quality hydraulic oil without materially reducing the quality of the 
product, However, were the extent of the expeller oil to increase, 
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this would make it easier for other oils to compete with cottonseed 

oil in the production «f these high quality products. These remarks 
@ precic:tecd on the supposition that the quality of the expeller 

oil will not be improved. Unless the quality cf the expeller oil 

cén be improved along with the quality of the meal, a geners]l ecnver-— 

Sion of the cottonsees cil industry from hydraulic- to screw—press 

methods wculd result in a loss rather than.a gain, 


Ward: I want t- make it clear thet no one proposes that there 
be e changeover from cne type cf processing to another until it has 
Lessee definitely proven advantageous and economically sound to cdo so. 

Ne know that if we can improve our meals, we can also improve our oils. 
Vis may perhaps get a better oil, That remains to be seen. But mills 
will not change their methods — any more than farmers will change 
their feeding practices — unless the changes will actually pay them 
more mcneye 


Williams: I feel sure the oils nrcducec in the exncrimental runs 
in cur mill were as high in quality and as low in refinins loss as 
those produced by normal practice. 


Colter: You spoke of adjusting the pressure in the screw press so 
as to yield a thiamin value of 12 parts per million -—- my question is 
how much cil will this leave in the meal? As you know, at the present 
time the price of oil is relebively high and any excess oil left in the 
meal would be a distinct eccnomic loss. 


altschul: There is a ranze of cperations where, when you increase 
the pressure, you ccn't get any mre oil, In other wercs, some mills 
operate uncer pressures higher than necessary to get the maximum amount 
of oil out. Mr, Fincher's company made three meals, varying the con— 
ditions of eockinz and also the throughput. I don't recall the exact 
residual oil content but in every case it was equal, Gossypol content 
also wes constant, but the thiamin content veried from 7 tc 18 parts 
ber miliien, 


Colter: Then you would not lose the oil from the meal? 


Altschul: No, sir, 


Lyman: I would be interested in the effect the reduced throughput 
has on production rate, 


Williams; Generelly in reducing the temoerature of cookinz, the 
meal is in such a form that it does not feed pest through the hoered 
of the press, I believe this can be altered. We experienced no difficulty 
in attaining an output of 50 nounds of meal in 5 minutes ae ABRy. of the 
experimental runs, and I believe the output can be increa once the 
operatinz conditions have been established and proper Baluetnenee madee 
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it is slightly more difficult to operate the expellers at extremely 
low temperatures, but that difficulty can be overcome with the ex. 
perience gained in such operetion. Once the ‘yptimum conditions are 
cetermined it should be pcssible to operate uncer them satisfactorily. 


Kruse: The ease cf cetoxificetion merely by sheer action in the 

errel of the press is an interesting point. Why don't the manuface 
turers of screw-press equipment make a true preoress for use with 
Solvent extraction cperations? Prepressing definitely fits into the 
economics of e-ttonseed solvent extraction operations, I believe that 
properly acjusted prepressing machines would give the shearing action 
and detoxificaticn necessery for the production of highly nutritive 
ecttonseed meal by solvent extrecticn, 


Terstage: Speaking fcr the V. D. anderson Company, I can say thet 
we are interested in securing the best possible results for the processcr 
and will work along with him in developing machinery an‘ procedures 
peinting towards production -f the hizhest possible quality oil and the 
best possible meals, In regard to prepressinz, the machinery is 
specially designed to previde the high capacity necessary for the solvent 
extracticn unit. ‘ith the Exsolex process, refininz losses have been 
considerably lowered, and oil color has been decreased, This shcws that 
we are onthe right track. “e hope at a later dete to have more complete 
information, «as to our expellers, they cperate efficiently when cooking 
in the rance of 190~200° F., Our tests are not finished, but before we 
are through we expect to have some of the answers for. expeller and oil mill opera— 
tars ingeneral, In regard tc refinine losses, in some cases we find that 
expeller cils can be refined the seme as hydraulic oils, and cthers 
cannote Since the expellers are standard, the differences lie in process— 
ins, and cften these conditicns are not optimum for the best producticn 
of high quality oil and meal, These operations are still mainly an 
ert, and improvement is mainly a metter of eduction, We are undertaking 
parts cf this educational program and once our results are complete , 
will make them generally available, 


Vamble: Temperature is a very important factor. In the hydraulic 
press operation, one reason why such hich temperatures are used is that 
no further heat is annlied end the meats must warm the press so as tec 
more readily yield free-flowing cil. It has been revealed in the industry, 
anc the data are available, that this temperature has a most imoortant 
influence on extrsetion efficiency. Of course the Sscrew-press operaticn 
is a much faster cperstion, sc high temperetures are necessary for cnly 
@ very short time as the meal passes rapidly through the expeller barrel, 
This prebebly explains why we can preduce meals of high nutritive value 
in the screw press using modest ccoking conditions, prior to the exneller, 


cn a Pinte e. ity et ay tat 
wks aft Adby ot og arg aD 
ase an. btBrat 9, aust hah toal a 
vehi talon ‘mold: aloe PRR, ee 
an yes ay ae »! oe 
std adn Lito tats. ce Ui. att: aa 
orton id Ste tod! oid, “Salve g3. On 
wes eau tt cR.amq seed 2 eva. 3 pose as a8 
ond dnt 2 IP) yLotinl tes, halge stent en) vi , 
grag yrodtod Fs sek tow]. nedtorate ae ta % 
a bts ynbwode oft wb: “fbow eoabity ay eine ten 
“ovis ortun. coe 2:8 htou 2) etd wt Yrissoo-5 a 


| | n> i ditesatee govt & a! po Me fe 
: eee te ee 
dadgyss aie T gets? a etoian of Ww ag satis @ 458 ay | eae 
Tee 1 sigast sviie nt oldteg ~ oe d oft vadwose AL .odeot, 28th 89 on 
geXL Oe! ths Vrantdots wals> feve “nl aie dot 8 oy ye fib x. nn 
ohdotas Lh. esp conp afdiae. | teat Bt rd 2 a $oou0 Teter t + nttnt’. . 
af erocinown' ds pedseemqerq S Siog OL | salty -cSiee fed 
gasvi e adt 7 7 Ae | ieee Cun the: to. hh ‘Mos ae 4 a ut. ae fey Lf 2poge | er 7 _ a 
sie awed eope f “nlakY, yeado ny xot ex? ode A9T” avin! av EbowerKe  - 
$end eye elAT 9 °5e¢ “Bhar ASS evji't f-s i re goes el sites Neto 
eins ona wit oo ot 4 es e os apd ei ve dete aia can ay a 
mito noty yineteilt. otety \ Netid eet Fae ote PS 9 Be ood ome . via 
pt a Yad dat gs wielatt Qu: ov? egeed WO 91 *OCORE 2. ponte See ‘A 


—®rp Dhe iio bos tllepe SA eteren- oid Y. wae owed & dor toot Maree 
$d (nit or eoses ome of gaiee L <aleMios 2°92 2 al denn ex? 
etetd a gt nldeselyt ee te edd ait od) mao elt tell 
aetcorn ahd as oot tht oy or ne ae atiiiogs oid sorte 99 amiRD 
nftout -) geod.oit 1 DV amitic. dv pean loin © vec? ne27 SA" ent 
qo latina (iite: ot: on f9ets2.ba5 i? ge fton Une Ib. wait A inf e 
“nhicsee-au ont +" oh 29on%e 3. aesdem A yladeco af Oro nev-tgel “Di a 
eodel ao St) etfneey ww von Sat aes Pie iisen:. ald? %. Be tke 
re geidnlisvs wilegenes mond whan Toe 


. 


L oa fool dandecual yey 2 ef vadenemeT ake a 


Sifuer wt ens a ) 
tog et beau Ops sotitgotetad dtd dove at A.29t of. gtot Pv o. Stes 
of ef 18 Beem ike riser Seem Bean oad We Paddon? af sein. sede oe 
WiteUinivoht nd | ale sworn aes od eat 21 gfh or fiooat tek ht) 7 “ 


dnsde ont Jorn ¢ watt Jtdatuqued @had aiid grids ftv, omen sin aoe ae 
folders). atetrermaoe std sero 10 eypiotattts noite wine opal 
4 Se . yrseasosa “1a totus eave Anite ga tenes: toe) Rasen a ‘ot 
elraisd ~ Lene. afd do ovetd Ase cet eexeny Iona <2 ae tals he: a gt ave) 
optiv. -vitingon mtd td efaea! aout 2 AND ai eh salaicns Glordte Soe 
ets {Lo-xs aft 0d. wiht gan sanpinashd “hal 2 Jase mn wetay main preva ris | 


=) ee 


Ross: The emphasis in nutritional investigetions so far has been 
on swine and poultry, yet a very ccnsiderable quantity cof eottonseed 
meal is used to feed ruminants, In the feeding cf cattle, cottonseed 
meal still has a gcod way to go, since its efficiency is not as high 
es thet of other meals, Where linseec meal is 100, cottonseed meal 
is in the neighborhood of 70, In wintering trials it appeared that 
scybean meal was supericr to cottonseed meal, althought it would be a 
ecnsiderable drain on the experimental fecilities to produce the large 
quantities of cottonseed meal required for cattle feeding trials, I 
feel that it would be well worth while te ccnduct such a project and 
determine whether these new, specially—processed cottonseed meals are 
better for ruminants than those which have been used heretofore — and 
I throw open to this group the sugzestion that perhans much of the 
cottcnseed meal work on cattle needs to be re-investigated, 


Newtons I think we all agree that there is still a lot of work 
to be cone, but we do have a good material tc werk with, This con 
ference has shown that if we -hancle cottonseed meal properly, and re- 
infcorce it where it has shcortcsminzs, we will be able to produce a 
feec or food that will compete with any product. 
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CUTTONSEED NUTRITIONISTS AND PROCESSURS CONFERENCE 
Southern Regional Kesearch Laboratory 
November 13-14, 1950 


PRO GR ASM 


Monday, November 13 
Morning Session 
CHAIRMAN 
He We Marston, Research Coordinators Agricultural Research 
Administrations U. Se Department of Agriculture, 
Washingtons De Ce 
OPENING REMARKS 
C. He Fishery Diroctor, Southern Regimeal Research Laboratory, 
Bureau of Agricultural cnd Industrial Chemistry, U. S. Depart- 


ment of Agriculture, New Urleans, Lae 


Ag Le Wards Directors Educational Service, National Cottonseed 
Products Association, Dallas, Texas 


REVIEW OF NUTRITIONAL RESEARCH ON COTTONSEED MEAL 


Ce iM. Lymany Head, Department of Biochemistry and Nutrition, 
Texas Agricultural Experiment Station, College Station, Toxas 


REVIEW OF METHODS OF saNALYSIS OF COTTONSEED MBaL 


IT. He Hoppors Hend, snalyticd. ond Physical Division, Southem 
Regional Resoarch Laboratorys New Orloans, Loe 


THS PIGMENT GLaND-FRaCTIONATION PROCESS 


Be. Ae Gastrocks, Head, Enginecring am Development Divisions 
Southern Rogionsl Research Laboratory, New Urleanss La. 
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Monday, Novembor 13 
Afternoon Session 
CHAIRMAN 


Je Re Mayss Jres Chairman, Technical advisory Committecs 
Notional Cottonseed Products sssociations ilemphis, Tenne 


EFFECT OF PROCESSING CONDITIONS ON CHEMICAL PROPERTIES OF COTTONS#ED 
Maa 


F. He Thurber, In Charge, Products Section, Protein and 
Carbohydrate Division; Southern Regional Rosearch Laboratorys 
New Crleansy La, 


NUTRITIONAL VaLUs sND AMINO ACID AVAILABILITY OF COTTONSEED iikaLs. 
SERIES 1 and 5, 


Mie Je Horny Bureau of Humon Nutrition and Home Hconomics,s 
Ue Se Department of agriculture, Boltsville, ide 


EFFECT OF PROCESSING VARIABLES ON NUPRITIVS VaLUeH OF COTTONS wED MBaL 
FOR POULTRY «ND S).ING 
Ne Re H1lliss He Re Bird, ite Le Milligons and Je Ce Blight, 
Burcau of animal Industry, U. 5. Dopartment of Agriculturc, 
Beltsvilloy ide 


THE EFFECT OF GOSSYPOL ON BGG HATCHABILITY, WEIGHT, ND YOLK COLOR 


Be We Heywongs Southwest Poultry “xporiment Stxution 
Burcau of animal Industry, Ue Se Department of Agricultures 
Glendale, urize 


COTTONSSUD iaL TOXICITY STUDIES 


Ke TeHolloy ond ‘ie Se Harms, Goorgia .gricultural Exp criment 
Stations Exporincont, Ga 


STUDISS ON THE VITAMIN 512 ACTIVILY OF AND UNIDENTIFISD NUTRIENTS 
IN COTLONSSED FLOURS AND MaenLs 


Ae Me Hartman and Le (Pe Dryden, Burcau of Dairy Industry, 
Ue Se Dopartmont of Agriculture, Beltsvillo, lide 
(abstract road by Ae lle Altschul, Southorn Regional 
Rosoarch Laboratory r) 
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Tuesday, Novembor 14 
Morning Session 
CHAIRMAN 


He Pe Newton, Assistant Dircetors Southcrn Regional Research 
Laboratorys New Orleans, La, 


NUTRITIONAL VALUE OF COTTONSEED MEALS IN SERIES 5 


Je Re Couohy Toxas Agricultural Experiment Station, College 
Station, Texas 


Frod Halog Texas Agricultural Experiment Stxution, 
Collogo Station, Texas (Roud by C. Me Lyman) 


THE USS OF Die TOXIFISD COTTONSEED MéiaL u.S n PROTEIN SUPPLEMENT FOR 
GROWING PIGS 


Be Le Stephenson and Ae Le Neumann 
University of arkansas, Faycottovillc, arke 
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Tuesdays November 14 
afternoon Sossion 
CHaTRMAN 
Ge Wo Irvings Jres assistant Chiof, Buroau of Agricultural 
and Industrial Chomistrys Ue. S. Department of Agriculture, 
Washingtons De Ceo 
FUTURE PROGRali OF RESEARCH ON COTTONSEED MBaL 


Aig Lig :1tschul, Heads Protein and Carbohydrate Division, 
Southorn Regional Research Laboratory, New Orleans, La. 
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COTTONSEED NUTRITIONISTS AND PROCESSORS CONFERENCE 
Southern Regional Research Laboratory 
Nevember 13-14, 1950 


LIST OF ATTENDANCE 


industry 


ilderks, O. H., Technical Division, The Buckeye Cotton Oil Coe, Med. & Re Blde,, 
Ivorydale, Cincinnati 17, Ohic, 
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Hardin, 8, L., Sales Menager, Hardin Bag & Burlap Co., 1054 Constance St., 
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Kruse, N. Fe, Tech, Director and Vice-President, Central Soya Coe, Ince, 
Decatur, Indiana, 

Lancau, Paul, Manager, J, T. Gibbons Co., New Orleans, Louisiana, 

Lowe, ". D., President, National Cottonseed Preducts Assn., Jackson, Miss, 

Mays, J. Re, Jr., Vice-President, Barrow~Agce Laboratories, Ince, Memphis, Tenn, 

Moore, Walter By, Assistent Director, Educational Service, Naticnal Cottonseed 
Products Assne, Ince, 618 “ilson Buildinz, Dallas 1, Texes, 
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Terstage, Robert J., The V. D,. Anderson Co., 1935 “est 96th St., Cleveland 2, Ohb 

Tierney, M. d., Chemist, Naugatuck Chemical, Neugatuck, Connecticut, 

arc, &e Le, Director, Educetional Service, National Cottonseed Products ASSNe,. 
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Nillisms, P, is, Chief Chemist, South Texss Cotton Oil Co., Houston, Texase 

Woodruff, Relph, Manager, Osceola Products Coe, Osceola, arkansas, 

Schwartz, Ae Ke, South Texas Cotton Oil Co., Houston, Texas, 
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Fletcher, J, Lanc, .ssociate Professor, snimal Husbandry Dept., Miss, State 
Collece, School of Agri, & Experiment Station, State College, Mississippi, 
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Stephenson, Edward L., asst. Professor, Dept. of -ininal Industry, University of 
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Ellis, Ned R,, Chemist in Charge, .imimal Husbandry Divn., Burcau of Aninal 
Industry, U.S.D..1., Beltsville, Maryland, 

Gilliland, ©, B., Chicf, Research Division, Fats & Oils Branch, Production & 
Marketing Administration, U.S.D.i1., Washington, D, C, 

Horn, Millard J,, Chemist, Burcau of Hunan Nutrition & Home Econonics, U.S.D.aA., 
Washington, D. C. 
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SUMMARY 


(Note: This summary of the conference wes furnished on November L7 5 £950 
to trace and technical journals serving the oilseed industry.) 


in improved cottonseed meal of hizh nutritive value produced ex- 
perinentally by modification of ordinery screw-pressing methods has been 
tested with favorable results in the diets of hogs and chickens, ace 
cording to reports heard at a conference of cottonseed nutritionists 
anc processors held at the Southern Regional Research Laboratory, 
New Orleans, La., November 13-14, 1950, 


In his welcome address, Dr. C. H, Fisher, Directcr of the Laboratory, 
said this develcpment brings cottonseed meal utilizetion to the threshhold 
of a new era, The improved product promises creatly enlarged outlets for 
the South's rrincipal oilseed cron, he explained, 


Fifty-five persons from 20 states and Washington, D. C., attended 
the conference, Officials of the National Cottonseed Products assccia— 
tion, the cottonsee’ processing industry, State Exeriment Stations, 
and the U. S, Department of Agriculture, actively participated. Feed 
manufacturers, machinery ccmpenies, the scybean industry, and State 
Feed Control Boar's also were represented, Besides evaluating recent 
cooperative studies, which have shewn that screw-rressing conditions can 
be’ adjusted to produce cottonseed meal of improved quality and digest— 
ibility, the croup freely discussed additional research needs, 


H, “. Marstcn, Asricultural Research administration Coordinator, 
presided at the opening session. J, R, Mays, Jr,, Chairman, Technical 
Advisory Committee, National Cottonseed Products Association, led the 
afternoon session November 13, Presiding officers on November 14 were 
Herry P, Newton, the Laboratory's assistant Director, and George "!, Irvine, 
dre, Assistant Chief, Bureau of Agricultural and Industriel Chemistry, 


In an opening talk, a, L. Yard, Director cf the National Cottonseed 
Products association's Educational Service, called the new-type cotton 
seed meal an outstanding example of what can be acco plished through 
tearwerk, The Southern Regional Research Laboratory, working in ccopera— 
ticn with the Scuth Texas Cotton Oil Comany, developed the method for 
producing the meal, It is based on information obtained during several 
years of fundamental research at the Laboretory, Other USDA agencies and 
State Experiment Stetions have conducted extensive feeding trials to 
establish the nutritive value of the improved »rcduct. The NCPA has 
cooperated actively in bringing the development to the attention of oil 
mill operators, a number of whom are now applying the technique experiment-— 
ally to determine its application in different localities, 
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The results cf feeding cottonseed meals, produced by different 
methods, in a variety cf Exneriment Station tests were reviewed by 
Ce M. Lyman,Jeit.Gcuch, and K, A, Kuiken for Texas; E, L. Stephenson 
for arkansas; T, J, Cunha for Florida: K, T, Holley for Georgia; and 
Ke Re Barrick for North Carolina. M, J, Horn, Bureau of Human 
Nutrition and Home Eecnomics, with N. R, Ellis and B. W. Hoywang. 
of the Bureau of animal Industry, contributec the findings of Depart- 
ment of Agriculture nutritionists, 


Both poultry and hogs thrived on ciets in which the improved 
meal was used freely as the protein supplement, The animals maintained 
good appearance and excellent growth rates thrpuzhout the experiments, 


F, H, Thurber, of the Scuthern Laboratory staff, described the 
processing conditions used in producing the new experimental meals 
supplied for these tests, Mild conditions of cooking (below 200 
degrees F,) and mild screw-nress cperations must be carefully main- 


tained to avoid destruction of the protein value, he explained, 


T. H. Hopper reviewed the Laboratory's methods for enottonseed meal 
analysis, and E. a, Gastrock described the pilot—plant develonment of 
a process for deglanding ccttonseed meal. 

Ae M. Altschul sutlined problems at which future research should 
be directed, Now that tentative specifications fcr producing improved 
cottcnseed meal can be suggested, one of the next stens is to establish 
the limits of usefulness of the new nroduct for all types of feed, he 
said, 


The Scuthern Regional Research Laboratcry will spear—head further 
cooperative efforts to anply the principles learned in research on 
screw-pressing to improve the quality of cottonseed meals nroduced by 
hydraulic-pressing and sclvent-extractions to compare the quality and 
yield of cottonseed oils produced by the modified techniques with 

oils cbtained with ordinary crushing methocs; to determine production 
rates and evaluate the overall economic problems involved in adopting 
the new techniques, Dr. »ltschul added, 
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DESCRIPTION OF COTTO"SEED MEALS IN NUTRITION PROCESSING TEST, S@RIES le 


Water mene Np ie win Mee] oan ae 
added Temp. of Time of : Free Total Solble 7/ 


Meal to cooker meats, cooking, er gossypol Moisture nitrogen nitrogea 
_No e i $ as oo ae ze wy Zo) = 


(a es 


Lb./pr.2/ °Fe mine Z of total 


Hydraulic-—pressed Mealsh/ 


2 70". 118-230 36 HUE iOs1ORe Fes beh 39.2 
9 Boule (116-240 72 Sab. DLOs TE See 6.4 20.8 
Screw—pressed ea 2/ 
74/ None 100-200 70 304 0.008 47 664 12.8 
Bey re OL 76" T4520" 7 3353, ), 10,0120. ity 6.9 1403 
64/ = None (100-200 15420 364 = 04009 ed 6.5 15.9 
1 None ©. 313-234. 9 15-20" 305-7 0.014 «406 6.9 1147 
3 None 126-261 20 16. WOA016 * ek 7.0 10.0 
e/a LBD 202-262 40 3.8 Op022 5 hes 7.0 10.3 
53/ 70—Si«*s«22-27B--——=i0 ber) 1 OnOIGy ran? 6.6 8.2 


a 


a 


= 


a 


From rolled meats: water added before rolls for hydraulic runs wes 
60 lbs, /hr. 


From disc hulled meats, 


Four rings of cooker used, In all other runs involving screw press, only 
three rings were heated. 


In order to obtain these low temperatures, doors of cooker rings were 
kept open. 


Meal production on the screw press was at the rate of 600 lbs./hr. 
On as received basis. 


Determined in 0.5 N NaCl solution at a solvent—-meal ratio of 40:1. 
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